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Extensive changes have been made to the sixth edition of the RF Data Manual. In March, 1988, Motorola 
acquired the RF Devices Division ofTRW.The RF products manufactured by the acquired facilities were included 
for the first time in the fifth edition of the RF Data Book. Duringthe past 2 years, a consolidation of products 
has taken place with the result being the deletion of a large number of products previously included in the fifth 
edition. However, an equally large number of new products has resulted in the data book remaining as a 2 
volume set. 
Once again, Volume 1 contains all Discrete Transistors (along with the Discrete portion of the RF Selection 
guide). All other devices, primarilyamplifiers along withtuning diodes, are included in Volume 2. Also in Volume 
2 is a greatly expanded section on Applications. The many diverse Application Notes from the TRW facilities 
in California and France have been integrated along with the previously available application notes from the 
RF facility in Arizona. This data forms one of the most comprehensive groups of RF application available in the 
industry today. 
HOW TO USE THIS RF DATA BOOK: 
Note that alldevices ina given section — Discrete Transistors, Amplifiers and Tuning Diodes — are organized 
in conventional alphanumeric order. 
Ifyou know the part for which you desire technical data, simplyturn to the appropriate page in Volume 1 or 
2. Ifyou are seeking a replacement for a competitor's part, then use the Cross Reference in Volume 2 to find 
the Motorola recommended replacement. Ifyou have a requirement for a specified frequency band, then use 
the Selector Guide (in both Volumes 1 and 2) to find a suitable part with the desired voltage, output power, 
gain or other requisite characteristic. 
Although information in these books has been carefully checked, no responsibility for inaccuracies can be 
assumed by Motorola. Please consult your nearest Motorola Semiconductor sales office for further assistance 
regarding any aspect of Motorola RF Products. 
Motorola reserves the rightto make changes without furthernoticeto any products herein to improve reliability, 
functionor design. Motoroladoes not assume any liability arising out of the application or use of any product 
or circuitdescribed herein; neither does it convey any license under its patent rights nor the rights of others. 
Motorola products are not designed, intended, or authorized for use as components in systems intended for 
surgical implantintothe body, or applicationsintended to support or sustain life, or for any other applicationin 
which the failure of the Motorola product could create a situation where personal injury or death may occur. 
Should Buyer purchase or use Motorola products forany such unintended or unauthorized application, Buyer 
shall indemnifyand hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless 
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or 
indirectly, any claim of personal injury or death associated with such unintended or unauthorized use, even if 
such claim alleges that Motorola was negligent regardingthe design or manufacture of the part. Motorola and 
® are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Employment Opportunity/Affirmative 
Action Employer. 
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DATA CLASSIFICATION 


Product Preview 
Data sheets herein contain information on a product under development. Motorola reserves the 
right to change or discontinue these products without notice. 


Advanced Information 
Data sheets herein contain information on new products. Specifications and information are subject 
to change without notice. 


Formal 
For a fully characterized device there must be devices in the warehouse and price authorization. 


Designer's 
The Designer's Data Sheet permits the design of most circuits entirely from the information pre 
sented. Limitcurves — representing boundaries on device characteristics —, are given to facilitate 
"worst case" design. 


Designer's, Epicap, MACRO-T, MACRO-X and TMOS are trademarks of Motorola Inc. 


Annular Semiconductors patented by Motorola Inc. 


AMPLIFIERS 


Device Number 
ACR900-30E 
AMR175-60 
AMR225-60 
AMR440-60 
AMR470-60 
AMR900-60 
AMR900-60A 
ATV5030 
ATV5090B 
ATV6031 
ATV7050 
ATV7060 
CA901 
CA2800 
CA2810C 
CA2813C.CH 
CA2818.H 
CA2820.H 
CA2830.H 
CA2832.H 
CA2833 
CA2842.H 
CA2850R 
CA2851R 
CA2870.H 
CA2875R 
CA4800.H 
CA4812.H 
CA4815.H 
CA5800.H 
CA5815.H 
CA5900 
CA5915 
CA7901 
CA97901 
CR820 
CR2424.H 
CR2425 
CR3424.H 
CR3425 
DHP02-36-40 
DHP05-18-20 
DHP05-36-10 
DHP10-14-15 
DHP10-32-08 
FF124.B 
FF224.B 
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Linear Power Ampl 
Linear Power Ampl 
Linear Power Amp! 
Linear Power Amp! 
Linear Power Amp! 
Linear Power Amp! 
Linear Power Amp! 
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5-19 
VHF/UHF CATV Amplifier 
5-20 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
Wideband Linear Amplifi 
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Wideband Linear Amplifiers 
5-55 
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5-58 
Wideband Linear Amplifiers 
5-62 
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5-64 
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5-67 
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5-70 
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5-72 
Hi-Slope Trunk Amplifier 
5-74 
Hi-Slope Input/Output Trunk Amplifier 
5-75 
High Frequency Complementary Pair Transistor Array.. 5-77 
Video Driver Hybrid Amplifiers 
5-78 
Video Driver Hybrid Amplifier 
5-78 
Video Driver Hybrid Amplifiers 
5-80 
Video Driver Hybrid Amplifier 
5-80 
Linear Power Amplifier 
5-82 
Linear Power Amplifier 
5-83 
Linear Power Amplifier 
5-84 
Linear Power Amplifier 
. 5-85 
Linear Power Amplifier 
5-86 
450 MHz CATV Feedforward Amplifiers 
5-87 
550 MHz CATV Feedforward Amplifiers 
5-89 
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MASTER INDEX — continued 


Device Number 


AMPLIRERS — continued 


MHW590 
MHW591 
MHW592 
MHW593 
MHW607 Series 
MHW703 
MHW707 Series 
MHW709 Series 
MHW710 Series 
MHW720 Series 
MHW720A1 Series 
MHW801 Series 
MHW803 Series 
MHW806A Series 
MHW807 Series 
MHW812A3 
MHW820 Series 
MHW851 Series 
MHW1134 
MHW1184 
MHW1224 
MHW1244 
MHW2001-15 
MHW5122A 
MHW5141A, MHW5142A 


MHW5162A 
MHW5171A, MHW5172A 


MHW5181A, MHW5182A 


MHW5185 
MHW5222A 
MHW5225.R 
MHW5272A 
MHW5332A 
MHW5342A 
MHW5382A 
MHW6122 


MHW6141.MHW6142 


MHW6171.MHW6172 


MHW6181.MHW6182 
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Number 


Low Distortion Wideband Amplifier 
5-91 
Low Distortion Wideband Amplifier 
5-94 
Low Distortion Wideband Amplifier 
5-97 
Low Distortion Wideband Amplifier 
5-100 
.VHF Power Amplifiers 
5-103 
UHF Power Amplifier 
5-107 
UHF Power Amplifiers 
5-111 
UHF Power Amplifiers 
5-116 
UHF Power Amplifiers 
5-120 
UHF Power Amplifiers 
5-124 
UHF Power Amplifiers 
5-128 
UHF Power Amplifiers 
5-132 
UHF Power Amplifiers 
5-137 
UHF Power Amplifiers 
5-142 
UHF Power Amplifiers 
5-147 
UHF Power Amplifier 
5-152 
UHF Power Amplifiers 
5-156 
UHF Power Amplifiers 
5-132 
CATV High-Split Reverse Amplifier 
5-161 
CATV High-Split Reverse Amplifier 
5-161 
CATV High-Split Reverse Amplifier 
5-161 
CATV High-Split Reverse Amplifier 
5-161 
VHF Power Amplifier. 
5-163 
60-Channel (450 MHz) CATV Trunk Amplifier 
5-165 
60-Channel (450 MHz) CATVInput/Output Trunk 
Amplifiers 
5-167 
60-Channel (450 MHz) CATV Trunk Amplifier 
5-169 
60-Channel (450 MHz) CATV Input/Output Trunk 
Amplifiers 
5-171 
60-Channel (450 MHz) CATV Input/Output Trunk 
Amplifiers 
5-173 
High Output Doubler450/550 MHz CATV Amplifier 
5-175 
60-Channel (450 MHz) CATV Trunk Amplifier 
5-178 
High Output Doubler450 MHz CATV Amplifiers 
5-180 
60-Channel (450 MHz) CATV Line Extender Amplifier.. 5-181 
60-Channel (450 MHz) CATV Line Extender Amplifier.. 5-183 
60-Channel (450 MHz) CATV Line Extender Amplifier.. 5-185 
60-Channel (450 MHz) CATV Line Extender Amplifier.. 5-187 
77-Channel (550 MHz) CATV Input/Output Trunk 
Amplifier 
5-189 
77-Channel (550 MHz) CATV Input/Output Trunk 
Amplifiers 
5-191 
77-Channel (550 MHz) CATV Input/Output Trunk 
Amplifiers 
5-193 
77-Channel (550 MHz) CATV Input/Output Trunk 
Amplifiers 
5-194 
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MASTER INDEX — continued 


Device Number 


AMPLIFIERS — continued 


PAA1000-42-5L 
PAM0105-6-50L 
PAM0105-7-25L 
PAM0105-29-6L 
PAM225-42-10LA 
PAM0510-25-6L 
PAM0810-6-50L 
PAM0810-7-25L 
PAM0810-8-1OL 
PAM0810-24-3L 
PAM0810-24-5LA 
SHP-02-36-20 
SHP05-20-10 
SHP05-22-04 
SHP05-35-04 
SHP06-18-04 
SHP10-15-08 
SHP10-15-08-15 
SHP10-17-04 
SHP10-17-04-15 


TUNING DIODES 
1N5139,Athru1N5148,A 
1N5441A,Bthru 1N5456A.B 
MBD101 
MBD301 
MBD701 


MMBD101L 


MMBD301L 
MMBD352L 
MMBD353L 
MMBD701L 


MMBV105GL 
MMBV109L 
MMBV409L 
MMBV432L 
MMBV609L 
MMBV809L 
MMBV2101L thru MMBV2109L 
MMBV3102L 
MMBV3401L 
MMBV3700L 
MPN3404 
MPN3700 


Description 
Page 
Number 


Linear RF Power Amplifier 
5-273 
Linear RF Power Amplifier 
5-274 
Linear RF Power Amplifier 
5-276 
Linear RF Power Amplifier 
5-278 
Linear RF Power Amplifier 
5-280 
Linear RF Power Amplifier 
5-282 
Linear RF Power Amplifier 
5-284 
Linear RF Power Amplifier 
5-286 
Linear RF Power Amplifier 
5-288 
Linear RF Power Amplifier 
5-290 
Linear RF Power Amplifier 
5-292 
Linear RF Power Amplifier 
5-294 
Linear RF Power Amplifier 
5-295 
Linedr RF Power Amplifier 
5-296 
Linear RF Power Amplifier 
5-297 
Linear RF Power Amplifier 
5-298 
Linear RF Power Amplifier 
5-299 
Linear RF Power Amplifier 
5-300 
Linear RF Power Amplifier 
5-301 
Linear RF Power Amplifier 
5-302 


Voltage-VariableCapacitance Diodes 
6-2 
Voltage-VariableCapacitance Diodes 
6-5 
Silicon Hot-Carrier UHF Mixer Diode 
6-8 
Silicon Hot-Carrier Detector and Switching Diode 
6-10 
High-VoltageSilicon Hot-Carrier Detector and 
Switching Diode 
.'..... 
6-12 
High-Voltage Silicon Hot-Carrier Detector and 
Switching Diode 
6-8 
Silicon Hot-Carrier Detector and Switching Diode.. 
6-13 
Dual Hot-Carrier Mixer Diode 
6-14 
Dual Hot-Carrier Mixer Diode 
6-14 
High-Voltage Silicon Hot-Carrier Detector and 
Switching Diode 
6-12 
Voltage-Variable Capacitance Diode 
6-15 
Voltage-Variable Capacitance Diode 
6-17 
Silicon Epicap Diode. 
6-19 
Dual Voltage-Variable Capacitance Diode 
6-21 
Silicon Epicap Diode 
6-23 
Silicon Epicap Diode 
6-24 
Voltage-VariableCapacitance Diodes 
6-25 
Voltage-VariableCapacitance Diode 
6-28 
Silicon PIN Switching Diode 
6-30 
Silicon PIN Switching Diode 
6-32 
Silicon PIN Switching Diode 
6-34 
Silicon PIN Switching Diode 
6-32 
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Device Number 


MV104 
MV209 
MV409 
MV1401.H 


MV1403.H 


MV1404.H 


MV1405.H 


MV1620 thru MV1650 
MV2101 thruMV2115 
MV7005T1 
MV7005T3 
MVAM108, MVAM109 
MVAM115 
MVAM125 


Page 
Description 
Number 


Dual Voltage-Variable Capacitance Diode 
6-36 
Voltage-Variable Capacitance Diode 
6-17 
Silicon Epicap Diode 
6-19 
HighTuning Ratio Voltage-Variable Capacitance 
Diodes 
6-38 
HighTuning Ratio Voltage-Variable Capacitance 
Diodes 
6-38 
HighTuning Ratio Voltage-Variable Capacitance 
Diodes 
6-38 
HighTuning Ratio Voltage-Variable Capacitance 
Diodes 
6-38 
Silicon Epicap Diode 
6-40 
Voltage-Variable Capacitance Diode 
6-25 
Silicon Epicap Diode 
6-41 
Silicon Epicap Diode 
6-41 
Tuning Diodes with Very High Capacitance Ratio 
6-43 
TuningDiodewith Very High Capacitance Ratio 
6-43 
Tuning Diodewith Very High Capacitance Ratio 
6-43 
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RF Amplifiers 


High Power 


Complete amplifiers with 50 ohmin/out impedances are available for a variety ofapplications including land mobile radios, 
base stations. TVtransmitters and other uses requiring large-signal amplification, both linearand Class C. Frequencies covered 
range from 1 MHzto 1000 MHzwith power levels extending to 100 watts. 


Land Mobile/Portable 


The advantagesof smallsize, reproducibility and overall lower cost become morepronouncedwith increasing frequency of 
operation. These amplifiers offer a wide range in power levels and gain, with guaranteed performance specifications for 
bandwidth, stability and ruggedness. 


136-174 MHz, VHF BAND — Class C 


Device 


Pout 
Output Power 
Watts 


Pin 
Input Power 
Watts 


f 
Frequency 
MHz 


Gp 
Power Gain 
dB Min 


vcc 
Supply Voltage 


Volts 
Package/Style 


MHW607-1 
MHW607-2 


7 


7 


0.001 
0.001 
136-150 
146-174 


38.4 
38.4 
7.5 
7.5 
301K-023 
301K-02/3 


400-512 MHz, UHF BAND — Class C 


MHW707-1 
7 
0.001 
403-440 
38.4 
7.5 
301J-02/1 


MHW707-2 
7 
0.001 
440-470 
38.4 
7.5 
301J-02/1 


MHW709-1 
7.5 
0.1 
400-440 
18.8 
12.5 
700-03/1 


MHW709-2 
7.5 
0.1 
440-470 
18.8 
12.5 
700-03/1 


MHW709-3 
7.5 
0.1 
470-512 
18.8 
12.5 
700-03/1 


MHW710-1 
13 
0.15 
400-440 
19.4 
12.5 
700-03/1 


MHW710-2 
13 
0.15 
440-470 
19.4 
12.5 
700-03/1 


MHW710-3 
13 
0.15 
470-512 
19.4 
12.5 
700-03/1 


MHW720-1 
20 
0.15 
400-440 
21 
12.5 
700-03/1 


MHW720-2 
20 
0.15 
440-470 
21 
12.5 
700-03/1 


MHW720A1 (21) 
20 
0.15 
400-440 
21 
12.5 
700-03/1 
MHW720A2(21) 
20 
0.15 
440-470 
21 
12.5 
700-03/1 
700-03/1 
830-01/1 
MHW721A2 
20 
0.15 
450-460 
21 
12.5 


MX20-1 
20 
0.15 
400-440 
21 
12.5 


MX20-2 
20 
0.15 
440-470 
21 
12.5 
830-01/1 


MHW703 
2.3 
0.002 
450-460 
30.6 
7.2 
301J-02/1 


806-960 MHz, UHF BAND — Class C 


MHW801-1 
1.6 
0.001 
820-850 
32 
6 
413-01/1 


MHW801-2 
1.6 
0.001 
870-905 
32 
6 
413-01/1 


MHW801-3 
2 
0.001 
890-915 
33 
6 
413-01/1 


MHW801-4 
1.6 
0.001 
915-925 
32 
6 
413-01/1 


MHW803-1 
2 
0.001 
820-850 
33 
7.5 
301E-04/1 


MHW803-2 
2 
0.001 
806-870 
33 
7.5 
301E-04/1 


MHW803-3 
2 
0.001 
870-905 
33 
7.5 
301E-04/1 


MHW806A1 (21) 
6 
0.03 
820-850 
23 
12.5 
301H-03/1 
MHW806A2(21) 
6 
0.03 
806-870 
23 
12.5 
301H-03/1 
MHW806A3(21) 
6 
0.04 
890-915 
21.7 
12.5 
301H-03/1 
MHW806A4(21) 
6 
0.04 
870-950 
21.7 
12.5 
301H-03/1 


MHW807-1 
6 
0.001 
820-850 
38 
12.5 
301L-01/1 


MHW807-2 
6 
0.001 
870-905 
38 
12.5 
301L-01/1 
MHW812A3(21) 
12 
0.1 
870-950 
20.8 
13 
301H-03/1 


MHW820-3 
18 
0.35 
870-950 
17.1 
12.5 
301G-03/1 


MHW820-1 
20 
0.25 
806-870 
19 
12.5 
301G-03/1 


MHW820-2 
20 
0.25 
806-890 
19 
12.5 
301G-03/1 
301N-01/1 
MHW851-1 
1.6 
0.001 
820-850 
32 
6 


MHW851-2 
1.6 
0.001 
870-905 
32 
6 
301N-01/1 


MHW851-3 
2.0 
0.001 
890-915 
33 
6 
301N-01/1 
MHW851-4 
1.6 
0.001 
915-925 
32 
6 
301N-01/1 


MHW857-1 
6 
0.001 
820-850 
37.8 
12.5 
301L-02/2 


MHW857-2 
6 
0.001 
870-905 
37.8 
12.5 
301L-02'2 


(21) Designed lor Wide Range Poui Level Control 
• 
New introductions 
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RF AMPLIFIERS (continued) 


Base Station 


The convenience of complete amplifiers for base station transmitters is offered for many two-wayradio bands from VHF 
throughthe high-UHF cellularbands (806-960 MHz). Powerlevels to 120 Ware availableoperating from24 to 26 voltsupplies. 
Class ABor Class A operation provides linear performancesuitable in both analog and digitalsystems. 
The AMR/ACR series can optionally be modified in frequency, power and mechanical outline. Please contact your local 
MOTOROLA field sales office. 


145-225 MHz BAND — Class AB 


Device 


Pout 
Output Power 
Watts 


Pin 
Input Power 
Watts 


f 
Frequency 


MHz 


Gp 
Power Gain 
dB Min 
Supply Voltage 
Volts 
Package/Style 


AMR175-60 
AMR225-60 


60 
60 


6 


6 
145-175 
180-225 
10 
10 
28 
28 


389K-01/1 
389K-01/1 


400-512 MHz BAND — Class AB 


AMR440-60 
AMR470-60 
60 
60 


12 


12 
400-440 
440-470 


7 


7 
28 
28 
389L-01/1 
389L-01/1 


806-960 MHz BAND — Class A and/or AB 


AMR900-60A (22) 
ACR900-30E 
AMR900-60 


20 
30 
60 


2.25 
0.48 
12 


800-960 
890-960 
800-960 


9.5 
18 


7 


26 
25 
24 


389B-021 
389J-01/1 
389B-022 
AMR900-80(1) 
AMR960-80(1) 
AMR960-100(1) 


80 
80 


100 


16 
16 
20 


865-900 
935-960 
860-960 


7 


7 


7 


26 
26 
26 


389M-01/1 
389M-01/1 
389M-0M 


(1) 
To bo introduced 
(22) Class A device 


• 
New introductions 
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HIGH POWER (continued) 


TV Transmitters 


These amplifiers are characterized for ultra-linear applications in Band IV and VTVtransmitters. 


Device 
Frequency 


MHz 
Pref 
Watts 


Gp (Min)'Freq. 
Power Gain 
dB/MHz 


3 Tone (12) 


IMD 1 
dB 


3 Tone (24) 


IMD 2 
dB 
vcc 
Volts 
Package/ 
Style 


ATV5030 
470-860 
20 
7.5860 
-51 
-54 
26 
389B-02/1 


ATV5090B 


ATV6031 
470-860 
470-860 
90(13) 
20 
7/860 
10.5/860 
-50 
-53 


28 
26.5 
389N-01/1 
389B-02/1 


ATV7050 
470-860 
30 
8/860 
-51 
-54 
25 
389P-01/1 


ATV7060 
470-860 
40 
10 860 
-51 
-54 
25.5 


PAM Series — Ultra Linear 


PAM devices are class Aand class ABlinearamplifiers withmedium and highoutput powers in the VHFand UHFfrequency 
range. They feature a wide dynamic range and a high third order intercept point. These high quality amplifiers are offered in 
a heavy-duty machined housing and are idealforapplications in instrumentation, communications and electronic warfare. 


VHF BAND — Class A 


Device 
Frequency 
MHz 


Po 
Min 
Watts 


Gain 
Typ 
dB 
vcc 
Volts 


3rd Order 
Intercept 
Typ 
dBm 
Package/ 
Style 


PAM225-42-10L 
172-225 
10 
46 
24 
-58(25) 
389C-01/1 
389C-01/1 
PAM225-42-10LA 
172-225 
10 
46 
2c 
-58(25) 


VHF/UHF BAND — Class A 


PAM0105-29-6L 
100-500 
6 
31 
24 
+ 48.5 
389C-01/1 


PAM0105-29-6LA 
100-500 
6 
31 
28 
+ 48.5 
389C-01/1 


PAM0105-7-25L 
100-500 
25 
7.5 
24 
+ 53.5 
389E-01/1 


PAM0105-7-25LA 
100-500 
25 
7.5 
28 
+ 53.5 
389E-01/1 


PAM0105-6-50L 
100-500 
50 
7 
24 
+ 56.5 
389D-01/1 


PAM0105-6-50LA 
100-500 
50 
7 
28 
+ 56.5 
389D-01/1 


UHF BAND — Class A 


PAM0510-25-6L 
PAM0810-24-3L 


500-1000 
800-1000 


27 


3 
24 
26 


48 5 
24 


389C-01/1 


+ 45 
389C-01/1 


PAM0810-24-3LA 
PAM0810-24-5L 
800-1000 
800-1000 


3 


5 
26 
26 
28 
24 


+ 45 


+ 47.5 
389C-01/1 
389C-01/1 


PAM0810-24-5LA 
PAM0810-8-10L 


800-1000 
800-1000 


5 
10 
26 
10 


28 
24 


+ 47.5 


+ 50 


389C-01/1 
389E-01/1 


PAM0810-8-1 OLA 
800-1000 
10 
10 
28 
+ 50 
389E-01/1 


PAM0810-7-25L 
800-1000 
25 
8 
24 
+ 55 
389E-01/1 


PAM0810-7-25LA 
800-1000 
25 
8 
28 
+ 55 


PAM0810-6-50L 
800-1000 
50 
7 
24 
+ 56.5 
389D-01/1 


PAM0810-6-50LA 
800-1000 
50 
7 
28 
+ 56.5 
389D-01/1 


(12) Vision Carrier =- - 8 dB; Sound Carrier - -7 dB: Sideband Carrier = -16dB 
(13) Output power at 1 dB compression, in Class AB 
(17) Highor Voltage Version 
(24) Vision Carrier = - 8 dB; Sound Carrier ^ - 10 dB; Sideband Carrier = -16 dB 
(25) Composite Triple Beat in dB. Tones; - 8, -11 and - 16 dB 


• 
New introductions 
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PAA Series — Ultra Linear Integrated Amplifier Assemblies 


PAA and PAE integrated assemblies are class A amplifiers with internal power supply. Available in either 115 Vac or 220 
Vac operation. They provide high-gain, excellent linearity and can withstand any load VSWR. 
WIDE BAND, MEDIUM POWER — Class A 


3rd Order 


Po 
Gain 
Intercept 
Frequency 
Min 
Typ 
vac 
Typ 
Package' 
Device 
MHz 
Watts 
dB 
Volts 
dBm 
Style 


PAA0200-34-1.5L 
1-200 
1.5 
36 
115 
+ 45 
389R-01/1 
PAA0200-34-3.1L 
1-200 
3.1 
35 
115 
+ 48 
389R-01/1 
PAA0450-33-0.4L 
30-450 
0.4 
34 
115 
+ 38 
389R-01/1 
PAA0500-17-1.0L 
30-500 
1 
18 
115 
+ 42 
389R-01/1 
PAA0500-35-1.0L 
30-500 
1 
36.5 
115 
+ 42 
389R-01/1 
PAA0500-17-2.0L 
30-500 
2 
18 
115 
+ 33 
389R-01/1 
PAA1000-14-0.6L 
10-1000 
0.6 
15 
115 
+ 42 
389R-01/1 
PAA1000-30-0.6L 
10-1000 
0.6 
32 
115 
+ 42 
389R-01/1 
PAA1000-14-1.3L 
10-1000 
1.3 
15 
115 
+ 44 
389R-01/1 
PAE0200-34-1.5L 
1-200 
1.5 
36 
220 
+ 45 
389R-01/1 
PAE0200-34-3.1L 
1-200 
3.1 
35 
220 
+ 48 
389R-01/1 
PAE0450-33-0.4L 
30-450 
0.4 
34 
220 
+ 38 
389R-01/1 
PAE0500-17-1.0L 
30-500 
1 
18 
220 
+ 42 
389R-01/1 
PAE0500-35-1.0L 
30-500 
1 
36.5 
220 
+ 42 
389R-01/1 
PAE0500-17-2.0L 
30-500 
2 
18 
220 
+ 33 
389R-01/1 
PAE1000-14-0.6L 
10-1000 
0.6 
15 
220 
• 42 
389R-01/1 
PAE1000-30-0.6L 
10-1000 
0.6 
32 
220 
+ 42 
389R-01/1 
PAE1000-14-1.3L 
10-1000 
1.3 
15 
220 
+ 44 
389R-01/1 


WIDE BAND, HIGH POWER — Class A 


PAA1000-42-5L 
PAE1000-42-5L 
25-1000 
25-1000 


5 


5 
42 
42 
115 
220 


+ 46.5 


+ 46.5 
389F-01/1 
389F-01/1 


VHF BAND, HIGH POWER — Class A 


PAA225-42-10L 
PAE225-42-10L 
172-225 
172-225 
10 
10 
46 
46 


115 
220 
-58(25) 
-58(25) 
389F-01.1 
389F-01/1 


VHF/UHF BAND, HIGH POWER — Class A 


PAA0105-29-6L 
100-500 
6 
31 
115 
+ 48.5 
389F-0M 
PAA0105-45-25L 
100-500 
25 
47 
115 
• 53 
389F-01/1 
PAA0105-50-50LAS 
100-500 
50 
52 
115 
+ 56.5 
389G-01/1 
PAE0105-29-6L 
100-500 
6 
31 
220 
+ 48.5 
389F-01/1 
PAE0105-45-25L 
100-500 
25 
47 
220 
+ 53 
389F-01 1 
PAE0105-50-50LAS 
100-500 
50 
52 
220 
+ 56.5 
389G-01/1 


UHF BAND, HIGH POWER — Class A 


PAA0510-25-6L 
500-1000 
6 
27 
115 
48.5 
389F-01/1 
PAA0810-24-5L 
800-1000 
4.5 
26 
115 
+ 47.5 
389F-01/1 
PAA0810-38-5LAS 
800-1000 
4.5 
42 
115 
+ 47.5 
389F-01/1 
PAA0810-32-10L 
800-1000 
10 
35 
115 
.-50 
389F-01/1 
PAA0810-31-25L 
800-1000 
25 
33 
115 
+ 55 
389F-01/1 
PAA0810-40-50L 
800-1000 
50 
42 
115 
+ 56.5 
389G-01/1 
PAA0810-40-50LAM (26) 
800-1000 
50 
42 
115 
+ 56 
389G-01/1 
PAA0810-54-50LAS 
800-1000 
50 
56 
115 
+ 56.5 
389G-01/1 
PAA0810-54-50LSM(26) 
800-1000 
50 
56 
115 
+ 56 
389G-01/1 
PAA0810-38-100AB 
800-1000 
100 
38 
115 
— 
389G-01/1 
PAA0810-52-100AB 
800-1000 
100 
52 
115 
— 
389G-01 
PAA0810-52-100AM (26) 
800-1000 
100 
52 
115 
— 
389G-01/1 
PAE0810-24-5L 
800-1000 
4.5 
26 
220 
+ 47.5 
389F-01/1 
PAE0810-38-5LAS 
800-1000 
4.5 
42 
220 
.47.5 
389F-01/1 


PAE0810-32-10L 
800-1000 
10 
35 
220 
• 50 
389F-01/1 
PAE0810-31-25L 
800-1000 
25 
33 
220 
+ 55 
389F-0V1 


PAE0810-40-S0L 
800-1000 
50 
42 
220 
+ 56.5 
389G-01/1 
PAE0810-40-50LAM(26) 
800-1000 
50 
42 
220 
+ 56 
389G-01/1 
PAE0810-54-50LAS 
800-1000 
50 
56 
220 
+ 56.5 
389G-01/1 
PAE0810-54-50LSM (26) 
800-1000 
50 
56 
220 
+ 56 
389G-01/1 
PAE0810-38-100AB 
800-1000 
100 
38 
220 
— 
389G-01/1 
PAE0810-52-100AM(26) 
800-1000 
100 
52 
220 
— 
389G-01/1 


(25) Composite triple beat in dB. Tones: - 8. - 11 and - 16 dB 


(26) Includes directional wattmeter, filter and directional coupler 
• 
New iniroductions 
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Low Power 


The following categories describe a wide range of completeamplifier assemblies both hybridand monolithic for use in CATV 
distribution systems, instrumentation,communicationsand military equipment. A variety of power levels and frequencies of 
operation are offered for many applications. 


CATV Distribution 
' 


Motorola Hybrids are manufactured using fourth generation technology which has set new standards for CATV system 
performance and reliability. These hybridshave been optimized to provide premium performance in all CATV systems up to 
77 channels. 


HYBRIDS UP TO 60 CHANNELS AND 450 MHz 


Device 


Hybrid 
Gain 
(Nominal) 
dB 


Channel 
Loading 
Capacity 


Maximum Distortion Specifications 


Package/Style 


Output 
Level 
dBmV 


2nd Order 
Test (28) 
dB 


Composite 
Triple Beat 
dB 


Cross 
Modulation 
dB 


Noise 
Figure 
@ 450 MHz 
dB 


60 CH 
60 CH 
Max 
Typ 


MHW5122A 
MHW5141A 
MHW5142A 
MHW5162A 
MHW5171A 
MHW5172A 
MHW5181A 
MHW5182A 
MHW5222A 
MHW5272A 
MHW5342A 
MHW5382A 
MHW5332 
CA7901 


12 
14 
14 
16 
17 
17 
18 
18 
22 
27 
34 
38 
33 


21 


60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 
60 


+46 
+46 
+46 
+46 
+46 


+ 46 


+ 46 
+46 
+46 


+ 46 
+46 
+46 
+46 
+46 


-72 
-72 
-74 
-72 
-72 
-74 
-72 
-72 
-72 
-72 
-72 
-70 
-70 
-61 
' 


-58 
-56 
-61 
-58 
-58 
-60 
-57 
-61 
-60 
-59 
-59 
-59 
-60 
-58 


-61 
-59 
-62 
-61 
-59 
-62 
-56 
-59 
-59 
-60 
-59 
-59 
-59 
-60 


8 


7 


7 


7 


7 


7 
6.5 
6.5 


5 


6 


6 


5 


6 


7 


6 


6 


6 
5.5 
5.5 
4.5 


5 


4 


5 
, 5.6 


714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 
714F-01/1 


(28) Channels 2 and M13 @ M22 
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LOW POWER (continued) 


HYBRIDS UP TO 77 CHANNELS AND 550 MHz 


Device 


Hybrid 
Gain 
(Nominal) 
dB 


Channel 
Loading 
Capacity 


Maximum Distortion Specifications 


Package/Style 


Output 
Level 
dBmV 


2nd Order 
Test (29) 
dB 


Composite 
Triple Beat 
dB 


Cross 
Modulation 
dB 


Noise 
Figure 


(a 550 MHz 
dB 


77 CH 
77 CH 
Max 
Typ 


MHW6122 
MHW6141 
MHW6142 
MHW6171 
MHW6172 
MHW6181 
MHW6182 
MHW6222 
MHW6272 
MHW6342 


12 
14 


14 
17 


17 
18 
18 
22 
27 
34 


77 
77 
77 
77 
77 
77 
77 
77 
77 
77 


+ 44 


+ 44 


+ 44 


+ 44 


+ 44 


+ 44 


+ 44 


+ 44 


+ 44 
+44 


-74 
-72 
-72 
-68 
-70 
-70 
-72 
-66 
-64 
-64 


-56 
-56 
-59 
-56 
-59 
-56 
-58 
-57 
-57 
-57 


-62 
-59 
-62 
-59 
-62 
-59 
-62 
-57 
-57 
-57 


8.5 
7.5 
7.5 


7 


7 


7 


7 


6 
6.5 
6.5 


7 


6 
5.5 


714-04/1 


714-04/1 
714-04/1 
714-04/1 


714-04/1 
714-04/1 
714-04/1 
714-04/1 
714-04/1 


714-04/1 


HYBRIDS UP TO 860 MHz 


Device 
Gain 
dB 
Frequency 
MHz 
vcc 
Volts 


2nd Order 


IMD 
dB 
@ Vout = 
50 dBmV/ch 


Composite 
Triple Beat 
dB 
@ Vout/Freq. 
(dBmVMHz) 


DIN45004B 
dBmV 
(" Freq. 
(MHz) 


NF 


tn 860 MHz 
dB 


Max 
Package/Style 


CA901 
17 
40-860 
24 
-60 
60 
(860) 


9 
714P-01/2 


CAB914 
23 
470-860 
24 
51 
(61 660) 
62 
(860) 
8.5 
830A-01/1 


REVERSE AMPLIFIER HYBRIDS 


Device 


Hybrid 
Gain 
(Nominal) 
dB 


Channel 
Loading 
Capacity 


Maximum Distortion Specifications 


Noise 
Figure 


(a 175 MHz 
dB 
Package 
Style 


Output 
Level 
dBmV 


2nd Order 
Test 
dB 
(30) 


Composite 
Triple Beat 
dB 


Cross 
Modulation 
dB 


12 CH 
22 CH 
26 CH 
12 CH 
22 CH 
26 CH 
Max 


MHW1134 
MHW1184 
MHW1224 
MHW1244 


13 
18 
22 
24 


22 
22 
22 
22 


+ 50 


+ 50 


+ 50 


+ 50 


-72 
-72 
-72 
-72 


- 


-73 
-72 
-71 
-70 


-71(16) 
-70(16) 
-68(16) 
-68(16) 


- 
-65 
-64 
-62 
-61 


-65(16) 
-64(16) 
-62(16) 
-61 (16) 


7 
5.5 
5.5 


5 


714-04/1 


714-04/1 
714-04/1 


71 •".•04 
1 


(16) Typical 
(29) Channels 2 and M30 (5 M39 
(30) Channels 2 and A (•• 7 


• 
New introductions 


MOTOROLA RF DEVICE DATA 


4-8 


LOW POWER (continued) 


450/550 MHz POWER DOUBLING HYBRIDS 


Device 


Hybrid 
Gain 
(Nominal) 
dB 


Channel 
Loading 
Capacity 


Maximum Distortion Specifications 


Package/Style 


Output 
Level 
dBmV 


2nd Order 
Test 
dB 


Composite 
Triple Beat 
dB 


Cross 
Modulation 
dB 


Noise 
Figure 
@ 450/550 MHz 
dB 


60 CH 
77 CH 
60 CH 
77 CH 
Max 
Typ 


MHW5185(36) 
MHW6185(38) 
18 
18 
; 
22 
'.-' 


60 
77 


+ 46 


+ 44 
.... -^j--. 


-74(28) 
-71 (29) 
-69T2«) 


-65 
-63 
-66 


.V —60F;*' 
-63 


7 
7.5 


6 
"."?"""' 


714-04/1 
714-04/1 


450/550 MHz FEEDFORWARD HYBRIDS (Case 774-01/2) 


Device 


Hybrid 
Gain 
(Nominal) 
dB 


Channel 
Loading 
Capacity 


Maximum Distortion Specifications 


Package/Style 


Output 
Level 
dBmV 


2nd Order 
Test 
dB 


Composite 
Triple Beat 
dB 


Cross 
Modulation 
dB 


Noise 
Figure 
@ 450/550 MHz 
dB 


60 CH 
77 CH 
60 CH 
77 CH 
Max 
Typ 


FF124 
FF124B 
FF224 
FF224B 


24 
24 
24 
24 


60 
60 
77 
77 


+46 
+46 


+ 44 
+44 


-84 
-84 
-86 
-86 


-79 
-79 
-75 
-75 


-75 
-75 
-70 
-70 


10 
10 


11 


11 


- 


825-02/1 
825A-01/1 
825-02/1 
825A-01/1 


General Purpose Wideband 


A wide range of hybrid and silicon monolithic amplifiers is offered for low level signal amplification. Package type, gain, 
frequency of operation, output level and supply voltage combinations can be selected to fit the design engineer's specific 
requirements. 


50 fl HYBRIDS (Case 31A-03/2) 
The MWA Series features excellent gain versus frequency flatness, temperature stability and are cascadable for high gain 
lineups. Construction techniques include thinfilmgold metal circuitryand hermetic TO-205ADpackage. MWA devices processed 
similarly to MIL-S-883, Method 5004.4, Class B, are available to special order. 


Frequency 
Gain 
Supply 
Output Level 
Noise Figure 
Range 
dB 
Voltage 
1 dB Compression 
@ 250 MHz 
Device 
MHz 
Min/Typ 
Vdc 
dBm 
dB 


MWA110 
0.1-400 
13/14 
2.9 
-2.5 
4 
MWA120 
0.1-400 
13/14 
5 
+ 8.2 
5.5 
MWA130 
0.1-400 
13/14 
5.5 
+ 18 
7 
MWA131 
0-400 
13/14 
5.5 
+20 
..... 
5(39) 
MWA210 
0.1-600 
9/10 
1.75 
+ 1.5 
6 
MWA220 
0.1-600 
9/10 
3.2 
+ 10.5 
6.5 
MWA230 
0.1-600 
9/10 
4.4 
+ 18.5 
7.5 
MWA310 
0.1-1000 
7/8 
1.6 
+ 3.5 
6.5 
MWA320 
0.1-1000 
7/8 
2.9 
+ 11.5 
6.7 
MWA330 
0.1-1000 
—/6.2 
4 
+ 15.2 
9 


(28) Channels 2 and M13 @jM22 
(28) Channels 2 and M30 (& M39 
(38)Available in reverse voltage(- 24 V)version (inCase 714C-04)by placingSuffix "R"afterdevicenumber. 
(39) NF <sv f = 400 MHz 


• 
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LOW POWER (continued) 


50 ft-100 ft HYBRIDS (Case 714-04/1) 
The general purpose hybrid amplifiers listed are for broadband system applications requiring superior gain and current stability 
with temperature. The 50 to 100 ohm input and output impedances help simplify designs. 


Frequency 
Gain 
Supply 
Output Level 
Noise Figure 
Range 
dB 
Voltage 
1 dB Compression 
@ 250 MHz 
Device 
MHz 
MIn/Typ 
Vdc 
mW/f (MHz) 
dB 


MHW591 
1-250 
34.5/36.5 
13.6 
700/100 
5 
MHW593 
10-400 
3034.5 
13.6 
600/200 
5 
MHW590 
10-400 
31.5/34 
24 
800/200 
5 
MHWS92 
1-250 
33.5/35 
24 
900/100 
5 


50 ft MONOUTHIC 
These monolithicamplifiersare fullycascadable and usable to frequencies over 3 GHz. Extemal blockingcapacitors are required 
along with an extemal bias resistor. Hermetic versions are available to special order in Case 303-01. 


Device 


Frequency 
Range 
MHz 


Gain 
dB 
Typ @ 1 GHz 


Recommended 
Operating Current 
mA 


Output Level 
1 dB Compression 
dBm Typ 


Noise Figure 
@ 1500 MHz 
dB 


Case 317-01/3 


MWA0204 
MWA0304 
DC-3000 
DC-3000 
11.5 
11.5 
25 
35 


7 
12 
6 


6 


Case 318A-05/4 


MWA0211L 
MWA0311L 
DC-3000 
DC-3000 
11.5 
11.5 
25 
35 


7 
12 
6 


6 


Case 303A-01/3 


MWA0270 
MWA0370 
DC-3000 
DC-3000 
12 
12 
25 
35 


7 
12 
6 


6 
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STANDARD LINEAR HYBRIDS 
The CA series ofRFlinearhybrid amplifiers consistsofa family ofmedium power, broadbandgain blocksinthe CATV industry 
standard"CA" package.These amplifiers weredesignedformulti-purpose RFapplications where linearity, dynamic range and 
widebandwidth are of primary concern. Each amplifier is available in various package options. For hermetic package option 
add suffix "H" to part numberexceptwhere noted(32). Fourpartsare available as indicated ina low profile package. Hermetic 
package parts are in Case 826-01/1 (forpositivesupply)or 826-01/2 (fornegative supply). 


3rd Order 


Gain 
Intercept 


BW 
Flatness 
GainFreq. 
PldB 
NF/Freq. 
Point'Freq. 
VSWR 
vs/is 
Case' 


Device 
MHz 
±dB 
dB/MHz 
dBm 
dB/MHz 
dBm/MHz 
50 1175 n 
V/mA 
Style 


CA2800(31) 
10-400 
1 
17/50 
29 
8.5/300 
44/300 
2 1.3 
24/200 
714F-01/1 


CA2810(31) 
10-350 
1.5 
33'50 
29 
8300 
43*300 
2/1.3 
24/300 
714F-01/1 


CA2813(31) 
40-300 
1.25 
34/50 
22 
5/300 
40/300 
2/1.3 
15/160 
714F-01/1 


CA2818(31) 
1-200 
1 
18.5/50 
29.5 
5.5/150 
47/150 
2/1.3 
24'205 
714F-01/1 


CA2820(31) 
1-520 
1.5 
30/100 
26.5 
8/500 
37/500 
2/ 
24/330 
714M-01/2 


CA2830(31) 
5-200 
1 
34.5/100 
29 
4.7/200 
46'200 
2/ 
24/300 
714F-01/1 


CA2833 (31) 
5-200 
1 
34.5/100 
29 
4.7/200 
46/200 
2/ 
24/300 
714G-01/1 


CA2832(31) 
1-200 
1 
35.5/100 
33 
6 '200 
47/200 
2/ 
28/435 
714F-01/1 
CA2842(31) 
30-300 
1 
22/100 
30 
5/100 
46/300 
1.5/ 
24/230 
714F-01/1 


CA2846(31) 
30-300 
1 
22/100 
30 
5/100 
46300 
1.5/ 
24/230 
714G-01/1 
CA2850R(31) 
40-100 
0.2 
17.5/100 
25 
4.5/70 
4070 
1.3/ 
-19/125 
714H-01/1 


CA2851R(31) 
40-100 
0.2 
17.5/100 
25 
4.5.70 
40.70 
1.3/ 
-19/125 
714L-01/1 


CA2870(31) 
20-400 
1 
34/100 
27 
7.5/400 
45/300 
2/ 
24/300 
714M-01/1 
CA2875R(31) 
40-100 
0.2 
17.5/100 
26 
4.570 
4370 
/1.07 
-19/155 
714H-01/1 
CA2880R(31) 
40-100 
0.3 
22/100 
22 
370 
3670 
/1.2 
-1973 
714L-01/1 


CA2885 (32) 
40-550 
1 
17.7/50 
33 
7/500 
43/500 
2/1.3 
24/425 
714F-01/1 


CA4800(31) 
10-1000 
0.5 
17/100 
26 
7.5'1000 
40/1000 
2! 
24/220 
714P-01/2 


CA4812(31) 
10-1000 
0.5 
17/100 
26 
7.5/1000 
40/1000 
2/ 
12*380 
714P-01/3 


CA4815(31) 
10-1000 
0.5 
17/100 
26 
7.5/1000 
40/1000 
2/ 
15/380 
714P-01/3 
CA5800(31) 
10-1000 
0.5 
15/100 
30 
8.5/1000 
41/1000 
2/ 
28/400 
714P-01/2 


CA5815(31) 
10-1000 
0.5 
16/100 
30 
8/1000 
41/1000 
2 
15700 
714P-01/3 


CA5900 
10-1200 
0.5 
15/100 
30 
8.5/1200 
41/1200 
2/ 
28/400 
714P-01/2 


CA5915 
10-1200 
0.5 
15'100 
30 
8.5/1200 
41/1200 
2/ 
15/700 
714P-01/3 


(31) Available inHi-Rel hormelic packagemanufactured compliant to MIL-A-28875. Toorder. Insert an "R"inthe partnumber following the prefix "CA" 
(Example. CAR2800). 
(32) Not available in hermotic packago 


• 
New introductions 
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• 


LOW POWER (continued) 


SHP and DHP Linear 


The SHP and DHPseries of linearamplifiers consistof medium power, broadband, highgain amplifiers operating from 15 to 
28 voltsupplies. Both their wide dynamic and frequency ranges make them suitable for use in instrumentation, communications 
and military equipments. 


SHP (Case 389A-01/1) 


Device 
BW 
(MHz) 
Gain 
(dB) 
VSWR 
50 Ohms 
DC Power 


1dB 
Compression 
W@MHz 


Third Order 
Intercept 
dBm @ MHz 


Noise 
Figure 
dB@MHz 


SHP02-36-20 
1-200 
36 
2:1 
28 V/430 mA 
2@50 
1.5 @ 200 
+50@50 
+ 43@200 
5@100 
6@200 


SHP06-18-04 
30-550 
18 
1.5:1 
24 V/220 mA 
0.8 @ 300 
0.3 @ 550 
+44 @ 300 
+36 @ 550 
6@300 
7.5 @ 550 


SHP05-22-04 
30-450 
22 
1.5:1 
24V/220mA 
0.8 @ 300 
0.4 @ 450 
+44 @ 300 
+38 @ 450 
5@300 
6@450 


SHP05-34-04 
30-450 
34 
1.5:1 
24V/330mA 
0.8 @ 300 
0.4 @ 450 
+43@300 
+ 38 @ 450 
5.5 @ 300 
6@450 


SHP05-20-10 
30-500 
20 
1.5:1 
24 V/430 mA 
2@300 
1 @500 
+48 @ 300 
+ 41 @500 
5@300 
6@500 


SHP10-17-04 
10-1000 
17 
2:1 
24 V/220 mA 
0.4 @ 500 
0.4 @ 1000 
+40 @ 500 
+ 39 @ 1000 
6.5 @ 500 
7.5 @ 1000 


SHP10-17-04-15 
10-1000 
17 
2:1 
15 V/400 mA 
0.4 @ 500 
0.4 @ 1000 
+40 @ 500 
+39 @ 1000 
6.5 @ 500 
7.5 @ 1000 


SHP10-15-08 
10-1000 
15 
2:1 
28 V/400 mA 
0.8 @ 500 
0.7 @ 1000 
+43 @ 500 
+42 @ 1000 
7.5 @ 500 
8.5 @ 1000 


SHP10-15-08-15 
10-1000 
15 
2:1 
15V/700mA 
0.8 @ 500 
0.7 @ 1000 
+ 43 @ 500 
+ 42 @ 1000 
7.5 @ 500 
8.5 @ 1000 


DHP (Case 389-01/1) 


Device 
BW 
(MHz) 
Gain 
(dB) 
VSWR 


SO Ohms 
DC Power 


IdB 
Compression 
W@MHz 


Third Order 
Intercept 
dBm @ MHz 


Noise 
Figure 
dB@MHz 


DHP02-36-40 
1-200 
36 
2:1 
28 V/870 mA 
4@50 
3@200 
+ 53@50 
+ 46 @ 200 
5.5 @ 100 
6.5 @ 200 


DHP05-36-10 
30-500 
36 
1.5:1 
24 V/600 mA 
2@300 
1 @500 
+48 @ 300 
+ 41 @500 
5@300 
6@500 


DHP05-18-20 
30-500 
18 
1.5:1 
24 V/830 mA 
4@300 
2@500 
+ 51 @300 
+44 @ 500 
5.5 @ 300 
6.5 @ 500 


DHP10-14-15 
10-1000 
14 
2:1 
28V/800mA 
1.5 @ 500 
1.5 @ 1000 
+45 @ 500 
+44 @ 1000 
8@500 
9 @ 1000 


DHP10-32-08 
10-1000 
32 
2:1 
28 V/600 mA 
0.8 @ 500 
0.7 @ 1000 
+43 @ 500 
+ 42 @ 1000 
6.5 @ 500 
7.5 @ 1000 
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CRT Driver 


These complete hybrid amplifiers are specifically designed for CRTdriver applications requiring highfrequency response and 
high voltage, such as high resolution color graphics video monitors. Gold metallized dice and substratesare used to insure 
high reliability and improved ruggedness. 


vcc 
Gain (34) 
3dBBW 
V0ut (Max) 
Device 
Volts 
VA/ 
MHz 
Volts 
Load 
Package/Style 


CR2424 (33) 
60 
12 
145 
50P-P 
6 to >20 pF 
714G-01/1 


CR2424R 
-60 
12 
145 
50P-P 
6 to >20 pF 
714H-01/1 


CAR2424H (35) 
60 
12 
145 
50 P-P 
6 to >20 pF 
826-01/1 


CR2424H 
60 
12 
145 
50P-P 
6 to >20 pF 
826-01/1 


CR2425 (33) 
60 
12 
145 
50 P-P 
6 to >20 pF 
714F-01/1 


CR3424 
80 
12 
115 
CR3424H 
80 
12 
115 
40 P-P 
6 to >20 pF 
826-01/1 


CR3425 
80 
12 
115 
40 P-P 
6 to >20 pF 
714F-01/1 


CR3424R 
-80 
12 
115 
40 P-P 
6 to >20 pF 
714H-01/1 


CR3425R 
-80 
12 
115 
40 P-P 
6 to >20 pF 
714H-01/1 


RF Transceiver Modules 


These modulesare designed foruse in PC networks handling data rates up to 2 Mbps. Surface mountconstruction results in 
extremely small size — < 8 square inchesof circuit boardarea. Each module provides highspectral purity and selectivity to 
prevent interference when used with other CATV signals on the cable interconnect system. 


Transmit 
Input 


Po 
Transmit 
Receive 
Level 
dBmV @75 Ohms 
Freq. 
Freq. 
dBmV (<•• 75 Ohms 


Device 
Typ 
MHz 
MHz 
Typ 
Package/Style 


MHW10000 
54 
50.75 
219 
8.5 
817-01/1 


MHW10001 
54 
56.75 
249 
8.5 
817-01/1 


MHW10002 
54 
62.75 
255 
8.5 
817-01/1 


MHW10003 
54 
50.75 
243 
8.5 
817-01/1 


(33) Text fixtures available. To order add "TF" sullix to device number 
(34) Insertion gain;50 ohmsource 
(35) Hi-Rel Hermelic packaged amplitier, manufactured compliant to MIL-A-28875 


• 
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Tuning and Switching Diodes 


Tuning Diodes 
Abrupt Junction 


Voltage variable capacitance diodes for electronic tuning 
and control of RF circuits through UHF frequencies. Utilized 
for television tuning and AFC circuits. 


TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


1N5148A 
""\ 


»X 
-•-^ 


As 


TA-25° 
f = 1MHi 


1 
0.6 
1 
2 
4 
6 
10 
20 
40 60 
Vr.REVERSE VOLTAGE (VOLTSI 
General-Purpose 


1000 


IN 5*50A 
1638 
IIN54S2A 


-MV1642 
: JN5456A 
MV1B0 


- 
MV1620 
1 
Mill 


MV16 


II 
1 


tiA 
38 
Mill II ll 
1 
10 
Vr,REVERSE VOLTAGE (VOLTSI 


ts 
• High Q 
• Capacitance TOL 
10% —No Suffix 
5% — Suffix A 


• High O 


• Controlled CR 
• Capacitance TOL 
10%-A, 5%-B 


• General-Purpose 


/ 
Maximum Working Voltage 
/ 
60 Volts 
30 Volts 
20 Volts 


CASE 51-02 
DO-204AA 
(DO-7) 


Cap 
Ratio 
C4/C60 
Min 


Q 
@4V 
50 MHz 
Min 


Device 
Type 


Cap 
Ratio 
C2/C30 


MIn 


Q 
@4V 
50 MHz 
Min 


Device 
Type 


Cap 
Ratio 
C2/C20 
Min 


Q 
@4V 
50 MHz 
Min 


Device 
Type 


ct 
Nominal 
Capacitance 
PF 
±10% 
@ 
VR = 4V 


f = 
1 MHz 


6.8 
2.7 
350 
1N5139.A 
2.5 
450 
1N5441A 
2 
300 
MV1620 


10 
2.8 
300 
1N5140.A 
2.6 
400 
1N5443A 
2 
300 
MV1624 


12 
2.8 
300 
1N5141.A 
2.6 
400 
1N5444A 
2 
300 
MV1626 


15 
2.8 
250 
1N5142.A 
2.6 
450 
1N5445A 
2 
250 
MV1628 


18 
2.8 
250 
1N5143.A 
2.6 
350 
1N5446A 
2 
250 
MV1630 


22 
3.2 
200 
1N5144.A 
2.6 
350 
1N5448A 
2 
250 
MV1634 


27 
3.1 
200 
1N5145.A 
2.6 
350 
1N5449A 
2 
200 
MV1636 


33 
3.2 
200 
1N5146.A 
2.6 
350 
1N5450A 
2 
200 
MV1638 


39 
3. 
200 
1N5147A 
2.6 
300 
1N5451A 
2 
200 
MV1640 


47 
3.2 
200 
1N5148.A 
2.6 
250 
1N5452A 
2 
200 
MV1642 


56 
2.6 
200 
1N5453A 
2 
150 
MV1644 


82 
2.7 
175 
1N5455A 
2 
150 
M VI648 


100 
2.7 
175 
1N5456A 
2 
150 
MV1650 
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General-Purpose 


Plastic 


CASE 182-02 
^ 
(TO-226AC) 
jKjb 
• Low-Cost 
• High Volume 


• Low-Cost 
• High Volume 
// 
Maximum Working Voltage 
J/ 
30 Volts 
30 Volts 
A/ 
CASE 182-02 
2-LeadTO-92 


CASE 318-07 
TO-236AB 


CASE 318-07 
- 
K 
(TO-236AB) A^ 


N.C. 


Cap 
Ratio 
C2/C30 
Min 


Q 
@4V 
50 MHz 
Min 


Device 
Type 


Cap 
Ratio 
C2/C30 
Min 


Q 
@4V 
50 MHz 
Min 


Device 
Type 


ct 
Nominal 
Capacitance 
PF 
±10% 
@ 
VR = 4V 


t = 
1 MHz 


6.8 
2.5 
450 
MV2101 
2.5 
400 
MMBV2101L 


10 
2.5 
400 
MV2103 
2.5 
350 
MMBV2103L 


12 
2.5 
400 
MV2104 
2.5 
350 
MMBV2104L 


15 
2.5 
400 
MV2105 
2.5 
350 
MMBV2105L 


18 
2.5 
350 
MV2106 
2.5 
300 
MMBV2106L 


22 
2.5 
350 
MV2107 
2.5 
300 
MMBV2107L 


27 
2.5 
300 
MV2108 
2.5 
250 
MMBV2108L 


33 
2.5 
200 
MV2109 
2.5 
200 
MMBV2109L 


47 
2.5 
150 
MV2111 


68 
2.6 
150 
MV2113 


82 
2.6 
100 
MV2114 


100 
2.6 
100 
MV2115 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 


1000 


z 
100 


* 
10 


•II 
Hill 
1 
MV2109 
4— 


MV2209 
4fHH|MV2115 ' 
MMBV210 
M\r/2215L 


M ir?1(l 1 


MV2201 
MMBV2101L -MMEW2105L- 
II 
I llllll 
II 
II llllll 


0.1 
1 
10 
Vr. REVERSE VOLTAGE (VOLTS) 
100 
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High Capacitance 


Dual Diodes 


CASE 318-07 
^^ 
TO-236AB 
JW 
• 
High Q 
• Guaranteed Capacitance 
Range 
• 
Monolithic Dual 
JT 
1(7 CASE 29-04 
A 
TO-226AA 
Maximum Working Voltage 


(TO-92) 
32 Volts 


Ct Capacitance 
Cap 
Ratio 
C3/C30 
Min 


Q 
@3V 


SO MHz 
Min 


Device 
Type 
pF 
@ 
Vr 


Min 
Max 
Volts 


34 
39 
3 
2.5 
100 
MV104G<D 


37 
42 
3 
2.5 
100 
MV104(D 


43 
48.1 
2 
1.5» 
100 
MMBV432LI2) 


(1) Case 29 
(2) Case 318 
*C2/C8 


TYPICAL CHARACTERISTICS 
Diode Capacitance versus Reverse Voltage 


70 


40 


MV104G 
MMBV432L. 
„ MV104 


20 
TA = 25°C 


10 


f = 1 MHz 
'" 


EACHDIODE 


0.3 
0.5 
2 
20 
30 
Vr, REVERSE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


4-16 


Tuning Diodes Hyper-Abrupt Junction 


For FM Radio 
and TV 


K/A 
A! 
N.C.V 
CASE 318-07 
TO-236AB / 
CASE 182-02 
TO-226AC 


• High Q 
• Guaranteed Capacitance 
Range 


Maximum Working Voltage 


30 Volts 


Cr Capacitance 
Cap 
Ratio 
C3/C25 
Min 


Q 
@3V 
SO MHz 
Typ 


Device 
Type 
pF 
@ 
VR 


Min 
Max 
Volte 


1.8 
2.8 
25 
4 
350 
MMBV105G* 


20 
25 
3 
4.5 
300 
MMBV3102* 


26 
32 
3 
5 
250 
MMBV109" 


26 
32 
3 
5 
250 
MV209" 


•Case 318 
"Case 182 


For AM Radio, Disc Drives 


CASE 182-02 


11U-ZZOAl 


K!/ 


• High Capacitance Ratio 
• Guaranteed Diode Capacitance 
• Close Matching 


CT 
Q @ 1 Vdc. 1 MHz = 150 (Min) 


VR=1V,f=1MHz 
VBR(R) 
Min 
C*P 
Vr 
RatI° @ Veto 
Min 
V0lra 


Device 
Type 
PF 


Min 
Max 


440 
560 
12 
16 
1/8 
MVAM108 


400 
S20 
15 
12 
1/9 
MVAM109 


440 
560 
18 
15 
1/15 
MVAM115 


440 
560 
28 
15 
1/25 
MVAM125 


TYPICAL CHARACTERISTICS 


Diode Capacitance versus Reverse Voltage 


40 


36 


32 


•S 28 
UJ 
I24 
I 
16 
o 


8 


4 


0 


MMBV109L 


TA = 250C 


MMBV3102ts 
f = 1.0 MHz 


MMBV105Gr 


3 
10 


VR.REVERSE VOLTAGE (VOLTS) 


30 


1000 


700 


500 


I 
300 
8 
200 
g 
I 
,0° 
a 
70 
ij 
50 


30 


20 


_ 
„„ 
TA - 25~ 
f = 1 MHz 


V 
a 
\ 


"*_ 
MVAMIOi^MVAM115"^ 
Ml/AM ub 
MVAM125- 


10 
18 
VR. REVERSE VOLTAGE (VOLTS) 


For HighCapacitance and High Reliability Applications 


100% Screening to High Rel electrical and environmental 
specifications, H suffix. 


CASE 148-01 
/ 
y 
DO-204AB // 
(DO-14) ^ 


ASE 51-02 
•O-204AA 
(DO-7) 


• Hyper-Abrupt 
• HighTuning Ratio 
• High Rel — SuffixH 
/ 
' 
Maximum Working Voltage 


12 Volts 


Ct, Nominal Capacitance 
Cap 
Ratio 
C2/C10 
Min 


Q 
@2V 


1 MHz 
Min 


Device Typo 


pF 
VR 
@ 
Norn ±20% 
Volt* 
Com 51 
Cato 148 


120 
2 
10 
200 
MV1404.H 


175 
2 
10 
200 
MV1403.H 


250 
2 
10 
200 
MV1405.H 


550* 
1 
14(1) 
200 
MV1401.H 


•*is% 
(iictpfunoeci'Ciov 


500 


300 
• M1/1401 
Ta = 25°C 
f = 1 MHz • 
•S- 200 
8 


£ 
100 
§ 
,\Sc— 


= MV405^ 


3 
50 
^s 
^v» 
"S 
S 
'^s. 
N^ 
"v^ 


o 
30 


a 
MV tm' 
/ 
*s^ sv o 
*»». 
1 
/ 
<>•^s 
s 
10 
1 
> 


10 
=fc 
= 


2 
3 
4 
5 
6 
7 
8 
Vr.REVERSE VOLTAGE (VOLTSI 
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Hot-Carrier (Schottky) Diodes 


Hot-Carrier diodes are ideal,for VHF and UHF mixer and 
detector applications as well as many higher frequency ap 
plications. They provide stable electrical characteristics by 
eliminating the point-contact diode presently used in many 
applications. 


VBR)R 
Ir = 10 (iA 
Volts 
Min 


ct 
f = 
1 MHz 
PF 
Vr 
Max@ 
Volts 


VF 
1p= 10 
mA 
Volts 
. 
Max 


>R 


nA 
Vr 
Max<§> 
Volts 


Device 
Type 


CASE 182, STYLE 1 


4 
0 
0.6 
250 
3 
MBD101 


30 
1.5 
15 
0.6 
200 
25 
MBD301 


70 
20 
1.2 
200 
35 
MBD701 


CASE 318, STYLE 8 


4 
0 
0.6 
250 
3 
MMBD101L 


30 
1.5 
15 
0.6 
200 
25 
MMBD301L 


70 
20 
1.2 
200 
35 
MMBD701L 


DUAL DIODES, CASE 318, STYLE 11*. STYLE 19" 


4 
1 
0 
0.6 
250 
3 
MMBD352L* 


4 
0 
0.6 
250 
3 
MMBD353L" 


PIN Switching Diodes 


... designed for VHF band switching and general-purpose 
switching. 


V(BR)R 
Ir = 10 fiAdc 
Volts 
Min 


Rs 
lp = 10 mAdc 
I = 100 MHz 
Ohms 
Max 


CASE 182, STYLE 1 


CT 
Vr = 20 V 


f = 
1 MHz 
pFMax 


Device 
Type 


20 
0.85 
2 
MPN3404 


200 
1 
1 
MPN3700 


CASE 318, STYLE 8 


. 35 
0.7 
1 
MMBV3401L 


200 
1 
1 
MMBV3700L 


K 
A 
CASE 182-02 


CASE 318-07 


5 
1 
o 
£0.5 


03 
0.2 


CASE 318-05 


STYLE 8: 
STYLED: 
STYLE 19: 
PIN1. ANODE 
PIN1. ANODE 
FIN1. CATHODE 
2.N.C. 
2. CATHODE 
2. AN00E 
3. CATHODE 
3. CATHODE/ 
3. CATHODE/ 
ANODE 
ANODE 


TYPICAL CHARACTERISTICS 


Capacitance versus Reverse Voltage 


1 


0.9 


1 o8 


Ta- 2ST 


MM 
D101 
BD1011 
BD3521 
8D3531 


MM 


a 


06 


Vr. REVERSE VOLTAGE (VOLTSI 


1] 


= »*C 
1 
1 
i 
i 
L MBD301. MMB0301L 


^ 


~ MBD701. MMBD701L 


t0 
1S702S333S«)<SSO 
Vr, REVERSE VOLTAGE IV0LTSI 


- 
25-C 
- IMKz 


F=— 


=1= 
—1— 
• 
11\ 
MPN3404 " 


= 
L= 


MPN3700 
. 


MMBV3700L - 


11 
12 
18 
24 
30 
36 
42 
Vr. REVERSE VOLTAGE (VOLTSI 


48 
54 
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RF Chips 


Ordering and Shipping Information 


Minimum Order Requirements: 
In conjunction with Motorola corporate policy the mini 
mum order, release or line/line shipment of standard prod 
uct is $200. 
The minimum order, release or line item shipment of non 
standard product is $2500 unless otherwise stated at the 
time of quotation, order entry or acknowledgement. 


Packaging: 


Multl-Pak — Motorola supplies all discrete semiconductors 
inthe industrystandard multi-pak. (Waffletype carrier, Figure 
1.) This isa2x2or4x4 waffletype carrier with a separate 
holeforeach die. Chipsare 100%visually inspectedwiththe 
rejects removed. There is no suffixassociated withthe multi- 
pak carrier. 


Circle Pak {CP Suffix) (See Figure2)—The waferis placed 
on a stickyfilm before beingsawed. Each waferis completely 
sawed throughwiththe back side against the PVCfilm. The 
die stick to the PVC film and maintain exact wafer orientation 
and spacing. This packagingmethodalso offersthe conve 
nience of storage with originalorientation and spacing'even 
after a portion of the waferis used..The evacuated plastic 
bag is thermallysealed holding the contentssecurelywith no 
die movement. Die can be removed from the sticky film by 
a sharp ejector-pinpushing a die up and a vacuum needle 
manually picking itup: This package canalsb behandled by 
an automatic die loader with some minor adjustments. To 
order this package, the suffixCP must appear withthe part 
number. 


Wafer Pak (WP Suffix) (See Figure 3) — The pak contains 
a waferthat is 100%electricallytested. Withthe rejects inked, 
the waferis left unsawed and is packaged with protective 
cardboard in a vacuum sealed plastic bag. The WP suffix 
must appear after the chip part number. 


Heatspreader (See Figure 4) — Some chips (indicated by 
footnote inthe preferred parts list)are also available mounted 
witheutectic bonding to copper heatspreaders that have been 
plated with nickel and gold. The use of heatspreaders 
increases thermal conductivity and allows solder reflow 
attachment of the die-heatspreader assembly. 


TRANSLUCENT COVER 


CROSS SECTION 


COMPARTMENTEDTRAY 


Figure 1. Muiti-Pak (No Suffix) 


PROTECTIVE CARDBOARD 


MYLAR PROTECTIVE LAYER 


COMPLETELY SAWEDWAFER 


PVCFILM WITHCARDBOARD RING 
(STICKY SIDE ISAGAINST THE 
GOLD-BACKED SIDEOFWAFER) 


PROTECTIVE 
CARDBOARD 


Figure 2. Circle Pak (CP Suffix) 


PROTECTIVE CARDBOARD 


Figure 3. Wafer Pak (WP Suffix) 


PHYSICAL 


DIMENSIONS 
(IN MILS) 


n 
1 


55 
K 
MAX ^ 
1 
1 
U55MAX»J 
Figure 4. Heatspreader 
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Die Geometries 


10 


13 
14 


11 


15 
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12 


B = Base 
E = Emitter 


Preferred Parts List 


Standard D.C. Parameters (at 25'C) —V(BR)CBO> v(BR)CEO v(BR)EBO nFE (dc- current gain) 
Special RequestParameters —IqeO 'CE& 'CEX. 'EBO- vCE(sat)- vBE(sat). *T> CCB- CEB- hFE (ac)- NF (Noise Figure), Gpe 
Front Metallization Thickness — a minimumof 10,000 A 
Back Metallization Thickness — a minimum of 3,000 A-24,000 A 


Standard 
Part# 
Chip 
Part* 


Die 
Geometry 
Reference 


# 


Die 
Size 
inches 
1/1000 


Die 
Thickness 
Inches 
1/1000 


Bond Pad Size 
Metallization 
Packaging 


Heat 
spreader 


Inches 
1/1000 
Base 


inches 
1/1000 
Emitter 
Front 
Back 
Multi 
(none) 
Wafer 
(WP) 
Circle 
(CP) 


2N2857 
2C2857 
1 
14x16 
4-8 
4.0x4.8 
4.0x4.8 
Al 
Au 


2N3866 
2C3866 
2 
15x22 
4-8 
4x4 
4x4 
Al 
Au 


2N49S7 
2C4957 
3 
12x22 
4-8 
4x4 
4x4 
Al 
Au 


2N5108 
2CS108 
11 
12x17 
4-8 
2.5x2.1 
2.5x2.1 
Au 
Au 


2N5160 
2C5160 
4 
15x20 
4-8 
2.2x3.2 
2.2x3.2 
Al 
Au 


2N5S83 
2C5583 
4 
15x20 
4-8 
2.2x3.2 
2.2x3.2 
Au 
Au 


2N5943 
2C5943 
2 
15x22 
4-8 
4x4 
4x4 
Al 
Au 


BFRS0 
BFRC90 
6 
14x16 
4-8 
2.8 dia. 
2.8 dia. 
Au 
Au 


BFR91 
BFRC91 
7 
14x16 
4-8 
2.8 dia. 
2.8 dia. 
Au 
Au 


BFR96 
BFRC96 
8 
13x16 
4-8 
3.4x3.4 
3.4x3.4 
Au 
Au 


LT1817 
CD1880 (37)(38) 
14 
22x22 
4-5 
3.6 dia. 
3.6 dia. 
Au 
Au 


LT3005 
CD3240 (37)(38) 
13 
16x25 
4-5 
2.75x3.75 
2.75x3.75 
Au 
Au 


LT4217 
CD6150 (37)(38) 
13 
16x25 
4-5 
2.75x3.75 
2.75x3.75 
Au 
Au 


LT4700 
CD3660 (37)(38) 
15 
17x17 
4-5 
1.5 dia. 
1.5 dia. 
Au 
Au 


LT5217 
CD4880 (37)(38) 
13 
16x25 
4-5 
2.75x3.75 
2.75x3.75 
Au 
Au 


LT5817 
CO5880 (37)(38) 
14 
22x22 
4-5 
3.6 dia. 
3.6 dia. 
Au 
Au 


MM4049 
MMC4049 
3 
12x22 
4-8 
4x4 
4x4 
Al 
Au 


MRF2369 
MRFC2369 
9 
15x16 
4-8 
2.2x2.2 
2.2x2.2 
Au 
Au 


MRF559 
MRFC559 
5 
15x24 
4-8 
3.5 dia. 
2.16x4 
Au 
Au 


MRFS44 
MRFC544 
10 
34x27 
4-8 
3x4 
3x4 
Au 
Au 


MRF545 
MRFC545 
10 
34x27 
4-8 
3X4 
3x4 
Au 
Au 


MRF901 
MRFC901 
12 
15x15 
4-8 
4.0x2.6 
4.0x2.6 
Au 
Au 


MRF904 
MRFC904 
12 
15x15 
4-8 
4.0x2.6 
4.0x2.6 
Au 
Au 


Samplesavailable uponrequest,contactthe Motorola Sales Office. 
'Available Packaging 


(37) To order CHIP mounted on a heatspreader, change prefix to "CH." 
(38)Toorder highreliability chipwithSEMqualifications and lotacceptanceper MIL-STD-750 and883.change prefix to "HD" or "HH"lordie aloneor die 
mounted on heatspreader respectively. 


Storage and Handling Information 


It is recommended that all Motorola die be stored at room 
temperature inan inert environment after removalof the seal 
from the original shipping package. 


Special Electro-StaticDischarge (ESD) precautions should 
be taken to avoiddamaging the chips. Motorolarecommends 
storage in the original ESD shipping package. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
Linear Power Amplifier 


... specifically designed for cellular radio base station applications. This solid state, high 
power amplifier incorporates microstrip technology and utilizes discrete power transis 
tors with gold metallization and diffused emitter ballast resistors for enhanced reliability 
and ruggedness. 
Custom versions with modified electrical and mechanical specifications are available 
upon request. 


• 
890-960 MHz 
• 30 W —Pout 
• 25 V —VCc 
• 
18 dB Gain 
• 
Class AB 


MAXIMUM RATINGS 


ACR900-30E 


30 W —890-960 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389J-02. STYLE 1 
(ACR) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
30 
Vdc 
| 


Operating Temperature Range (Note 1) 
TC 
-20 to +100 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS(Tc = 50°C, 50n system,Vcc = 25Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
890 
— 
960 
MHz 


Power Gain (Pout = 30 W, f = 960 MHz) 
GP 
18 
— 
— 
dB 


Supply Current (Pout = 30 W) 
ice 
— 
3 
— 
A 


Input Return Loss (P0ut = 30 W) 
IRL 
15 
20 
— 
dB 


Efficiency (Pout = 30 W, f = 960 MHz) 
V 
— 
40 
— 
% 


Output Return Loss (Pout = 30 W) 
ORL 
15 
20 
— 
dB 


Load Mismatch 
(Pout = 30 W, f = 960 MHz, Load VSWR -=5:1, All Phase Angles) 


<t> 
No degradation in power output 


Note 1. Case Temperature is measured at base plate. 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... specifically designed for VHF land mobile base station applications. Microstnp design 
combined with the use of the most modern bipolar RF power transistor technology 
assures a reliable, cost effective complete power amplifier. 
Custom versions with modified electrical and mechanical specifications are available 
upon request. 


• 
145-175 MHz 
• 60W-Pout 
• 28V-VCc 
• 
Class AB 


MAXIMUM RATINGS 


AMR175-60 


60 W —145-175 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 38SK-01, STYLE 1 
(AMR) 


Rating 
Symbol 
Vatue 
Unit 


Collector Voltage Supply 
vcc 
30 
Vdc 


Operating Temperature Range (Note 1) 
Tc 
-20 to +70 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 70'C, 50 n system, Vcc = 28 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
145 
- 
175 
MHz 


Power Gain (Pout = 60 W. f = 175 MHz) 
Gp 
10 
— 
— 
dB 


Supply Current (Pout = 60 W) 
ice 
- 
' 
4.2 
— 
A 


Input Return Loss (Pcut 
•= 60 W) 
IRL 
10 
12 
— 
dB 


Load Mismatch 
(Pout = 60 W, f = 175 MHz, Load VSWR = 20:1, All Phase Angles) 
0 
No degradation in power output 


Gain Flatness (Pout = 60 W. BW = 145-175 MHz) 
Gr 
- 
- 
±1 
dB 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... specifically designed for high VHF band land mobile base station applications. 
Microstnp design combined with the use of the most modern bipolar RF power transis 
tor technology assures a reliable, cost effective complete power amplifier. 
Custom versions with modified electrical and mechanical specifications are available 
upon request. 


• 
180-225 MHz 
• 60 W—Pout 
• 28 V —VCc 
• 
Class AB 


MAXIMUM RATINGS 


AMR225-60 


60 W—180-225 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 383K-01. STYLE 1 
(AMR) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
30 
Vdc 


Operating Temperature Range (Note 1) 
TC 
-20 to +90 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 70°C, 50 n system, Vcc = 28 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
180 
— 
225 
MHz 


Power Gain <P0Ut = 60 W, f = 225 MHz) 
Gp 
10 
— 
— 
dB 


Supply Current (Pout = 60 W) 
ice 
— 
4.2 
— 
A 


Input Return Loss (Pout = 60 W) 
IRL 
10 
12 
— 
dB 


Load Mismatch 
(Pout = 60 W. f = 225 MHz, Load VSWR = 20:1, All Phase Angles) 
* 
No degradation in power output 


Gain Flatness (Pout = 60 W, BW = 180-225 MHz) 
Gr 
'- 
- 
±1.25 
dB 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... specifically designed for high UHF land mobile base station applications. Microstrip 
design combined with the use of the most modern bipolar RF power transistor technol 
ogy assures a reliable, cost effective complete power amplifier. 
Custom versions with modified electrical and mechanical specifications are available 
upon request. 


• 
400-440 MHz 
• 60 W-Pout 
• 28V —VCc 
• 
Class AB 


MAXIMUM RATINGS 


AMR440-60 


60 W — 400-440 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 33SL-02, STYLE 1 
(AMR) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
30 
Vdc 


Operating Temperature Range (Note 1) 
TC 
-20 to+70 
•C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


ELECTRICAL CHARACTERISTICS (Tc = 70°C,50 O system, Vcc = 28 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
400 
- 
440 
MHz 


Power Gain (Pout = 60 W, f = 440 MHz) 
Gp 
7 
- 
' 
- 
dB 


Supply Current (Pout = 60 W) 
ice 
- 
4.5 
- 
A 


Input Return Loss (P0ut = 60 W 
IRL 
10 
12 
- 
dB 


Load Mismatch 
(Pout = 60 W, f = 440 MHz,Load VSWR = 20:1, All Phase Angles) 
* 
No degradation in power output 


Gain Flatness (Pout = 60 W, BW = 400-440 MHz) 
Gr 
- 
- 
±0.5 
dB 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... specifically designed for UHF land mobile base station applications. Microstrip 
design combined with the. use of the most modern bipolar RF power transistor technol 
ogy assures a reliable, cost effective complete power amplifier. 
Custom versions with modified electrical and mechanical specifications are available 
upon request 


• 
440-470 MHz 
• 60 W—Pout 
• 28V —VCC 
• 
Class AB 


MAXIMUM RATINGS 


AMR470-60 


60 W —440-470 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389L-02, STYLE 1 
(AMR) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
30 
Vdc 


Operating Temperature Range (Note 1) 
TC 
-20 to +70 
"C 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 70°C,50 O system, Vcc = 28 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
440 
- 
470 
MHz 


Power Gain (P0(Jt = 60 W, f = 470 MHz) 
Gp 
7 
- 
- 
dB 


Supply Current (P0ut - 60 W) 
ice 
- 
4.5 
- 
A 


Input Return Loss (Pout = 60 W, BW = 440-470 MHz) 
IRL 
10 
12 
- 
dB 


Load Mismatch 
(Pout = 60 W, f = 470 MHz, Load VSWR = 20:1, AllPhase Angles) 
* 
No degradation in power output 


Gain Flatness (Pout = 60 W, BW = 440-470 MHz) 
Gr 
— 
— 
±0.5 
dB 


Note 1. Case Temperature is measured at base plate. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for cellular radio base station applications in the 860-900 MHz frequency 
range. This solid state, Class B amplifier incorporates microstrip circuit technology and 
linear push-pull transistors to provide a complete broadband, linear amplifier operating 
from a supply voltage of 24 volts. 
• Wide Bandwidth 800-960 MHz (without retuning) 
• 50 Ohm Input/Output Impedance 
• Specified 24 Volt Characteristics: 
Output Power — 60 Watts 
Power Gain — 7 dB Typ 
• 
Gold Metallized Push-Pull Transistors Give Broadband Performance and Excellent 
Reliability 


AMR900-60 


60 W — 800-360 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389B-02. STYLE 2 
(AMR) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
25 
Vdc 


Supply Current 
ice 
6 
Adc 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


Operating Temperature Range 
TC 
-20 to +70 
"C 


ELECTRICAL CHARACTERISTICS (Tc = 50°C, Vcc = 24 Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V, Pout = 50 W) 
ice 
— 
4 
— 
mA 


Power Gain (f = 800-960 MHz, Pref = 50 W) 
GP 
— 
7 
— 
dB 


Bandwidth (Continuous without retuning) 
BW 
800 
— 
960 
MHz 


Source/Load Return Loss 
"L 
— 
— 
20 
dB 


Input/Output Return Loss (f = 800-960 MHz) 
IRL/ORL 
10 
15 
— 
dB 


Load Mismatch 
(Pout = 50 W, f = 960 MHz, Load VSWR = 5:1 Typ) 


<l> 
No Degradation 
in Performance 


Note 1. Case Temperature is measured at base plate. 
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AMR900-60 


TYPICAL CHARACTERISTICS 


| 
40 


2 
I— 


°* 20 


Vrjc= 24V 
f=800 MHz/ 


960 MHz 


.s 
5 


) 
S 
10 
15 


Pin- INPUT POWER (W) 


Rgure 1. Output Power versus Input Power 


vcc = ;4V 
Pout ° ! 5W 


800 
850 
900 
950 


f. FREQUENCY (MHz) 


Figure 3. Input Power versus Frequency 


Vcc = 24V 
Pin= 10W 


60 


50 


0 


800 
850 
900 
950 


f, FREQUENCY (MHz) 


Rgure 2. Output Power versus Frequency 


VCC = 24V 
Pout = 55W 


800 
850 
900 
950 


I. FREQUENCY (MHz) 


Rgure 4. Case Temperature versus Frequency 
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AMR900-60 


CASE 
COMPONENTS 


CONNECTOR 


QC INSPECTION I 
I 


DC BIAS 


CIRCUIT BOARD 


QC INSPECTION 


COMPONENT 


QC INSPECTION 


RFTRANSISTOR' 
DCBIAS 
CIRCUIT ASSEMBLY 


QC INSPECTION 
M 


RFLOAD 
COMPONENT 


RFLOADASSEMBLY 


SAGECOUPLER 


3 dB COUPLERS 


NOTE1: BURN-IN CONDITIONS 


SUPPLY VOLTAGE = 26.5VOLTS 
BASEPLATE TEMPERATURE: 70°C 
ENDURANCE TEST = 48 HOURS 


RFCIRCUIT BOARD 


QCINSPECTION 


FIXATION OF CIRCUIT BOARD 


MOUNTING OFCONNECTION (J1,J2, J'1. J'2| 


BONDING OF PASSIVECOMPONENTS 
ON RFCIRCUIT BOARD 


FIXATION OF DCBIASCIRCUIT BOARD 


PLACEMENT OF RFTRANSISTORS 


LEADLADYSURVEILLANCE 


PLACEMENT AND BONDING OF COUPLERS 


RFLOAD MOUNT 


PRETEST 


TESTCONNECTORS |J'1,J'2) 


REMOVAL 


BONDING OF COUPLERS 


BONDINGOF RF LOADS 


TEST 


QC VISUAL 


BURN IN100%(QA) 
(SEENOTE 1) 


FINAL TEST 


PACKING 


MARKING 


FINALQC 


STORES 


Figure 5. Manufacturing Flow Chart Operation 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
Linear Power Amplifier 


... specifically designed for cellular radio cell enhancer applications. This solid state, 
high power amplifier incorporates microstnp technology and utilizes discrete power 
transistors with gold metallization and diffused emitter ballast resistors for enhanced 
reliability and ruggedness. 
Custom versions with modified electrical and mechanical specifications are available 
upon request. 


• 
800-960 MHz 
• 30 W —Pout 
• 26 V —VCC 
• 
10 dB Gain, Class A 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
27 
Vdc 


Operating Temperature Range (Note 1) 
TC 
-20 to +70 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


ELECTRICAL CHARACTERISTICS(Tc = 50°C, 50 n system,Vcc = 26Vunless otherwise noted) 


AMR900-60A 


30 W 
— 800-360 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389B-02. STYLE 2 
(AMR) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
800 
— 
960 
MHz 


Power Gain (Pout = 30 W, f = 960 MHz) 
Gp 
10 
11 
— 
dB 


Power Output @ 1 dB Gain Compression 
(Reference to Pout = 30 W, f = 360 MHz) 
Pout(1 dB) 
25 
28 
— 
W 


Supply Current (Pout = 20 W) 
ice 
— 
3.6 
— 
A 


Input Return Loss (Pout = 30 W) 
IRL 
15 
— 
— 
dB 


Output Return Loss (Pout = 30 W) 
ORL 
15 
— 
— 
dB 


Load Mismatch 
(Pout = 20 W PEP,f = 960 MHz,Load VSWR = oo:1. 
All Phase Angles) 


>!> 
No degradation in power output 


Intermodulation Distortion — 2 tones 
(Pout PEP = 27 W, f = 960 MHz, Af = 1.6 MHz, lC = 3.6 A) 


IMD 
— 
— 
-30 
dB 


Note 1. Case Temperature is measured at base plate. 
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AMR900-60A 
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Rgure 1. IMD versus Output Power 
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Rgure 2. Output Power versus Input Power 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... a solid state Class A amplifier specifically designed for TV transposers and transmit 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


• 
470-860 MHz 
• 20W-Pout 
• 26.5 V — VCc 
• 8.5 dB Typ Gain, Class A 


MAXIMUM RATINGS 


ATV5030 


20 W —470-860 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 333B-02, STYLE 1 
(AMR) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
27 
Vdc 


Supply Current 
ice 
4 
Adc 


Operating Temperature Range (Note 1) 
TC 
-20 to +70 
•c 


Storage Temperature Range 
T8tg 
-40 to +100 
•e 


ELECTRICAL CHARACTERISTICS (Tc = 50°C, 50 ft system, VCc = 26.5V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
470 
- 
860 
MHz 


Power Gain (Pref = 20 W, 3 tones) 
Gp 
7.5 
8.5 
— 
dB 


Power Output @ 1 dB Gain Compression 
(Reference to P0ut = 20 W) 
Pout(1dB) 
25 
28 
— 
W 


Supply Current (Pout = 20 W) 
ice 
— 
3.8 
- 
A 


Input Return Loss (P0ut - 20 W) 
IRL 
15 
— 
— 
dB 


Output Return Loss (Pout = 20 W) 
ORL 
15 
- 
- 
dB 


Load Mismatch 
(Pref = 20 W, 3 tones, f = 860 MHz, Load VSWR = oo:1. 
All Phase Angles) 


* 
No degradation in power output 


Gain Flatness (Pref = 20 W, 3 tones, BW = 470 to 860 MHz) 
Gr 
- 
±0.5 
±0.8 
dB 


Intermodulation Distortion — 3 tones 
(f = 860 MHz, Vce = 25.5 V, Pref = 20 W, 
Vision Carrier = -7 dB, Sound Carrier = -8 dB, 
Sideband Signal = -16 dB, Specification TV05001) 


IMD1 
-52 
-51 
dB 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, Vce = 25.5 V, Pref = 20 W, 
Vision Carrier = -10 dB, Sound Carrier = -8 dB, 
Sideband Signal - 
-16 dB) 


IMD2 
-55 
-54 
dB 


Notes: 1. Case Temperature is measured at base plate. 
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ATV5030 


TYPICAL CHARACTERISTICS 
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Rgure 1. Small-Signal « S » Parameter Magnitude 
versus Frequency 
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Rgure 3. Output Power at 1 dB Gain Compression 
versus Frequency 
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Rgure 2. Intermodulation versus Frequency 


* 3 tones test method: 


IMD1: Vision carrier — 8 dB, sound carrier — 7 dB 
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IMD2: Vision carrier — 8 dB, sound carrier — 10 dB 
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Rgure 4. Relative Level versus Frequency 
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ATV5030 


COMPONENTS 
CASE 


CONNEaORI 
I 


QC INSPECTION 


DCBIAS 
CIRCUITBOARD 


QC INSPECTION 


COMPONENT 


QC INSPECTION 


RFTRANSISTOR\7 
OCBIAS 
Y 
CIRCUIT ASSEMBLY 
|~| QC INSPECTION 


SAGE COUPLER^7 
3dB COUPLERS (y- 
RFLOAD 
COMPONENT 


RFLOADASSEMBLY 


NOTE 1: BURN-IN CONDITIONS 


SUPPLYVOLTAGE = 265 VOLTS 
BASE PLATETEMPERATURE: 70°C 
ENDURANCE TEST = 48 HOURS 


RFCIRCUIT BOARD 


QC INSPECTION 


FIXATIONOF CIRCUITBOARD 


MOUNTING OFCONNECTION IJ1,J2, J'1, J'2) 


BONDING OFPASSIVECOMPONENTS 


ON RF CIRCUITBOARD 


FIXATION OFDCBIAS CIRCUIT BOARD 


PLACEMENT OFRFTRANSISTORS 
LEADLADYSURVEILLANCE 


PLACEMENT AND BONDING OFCOUPLERS 


RFLOAD MOUNT 


PRETEST 


TESTCONNECTORS (J'1, J'2| 
REMOVAL 


BONDINGOF COUPLERS 
BONDINGOF RF LOADS 


TEST 


QC VISUAL 


BURN IN 100%(QA) 
(SEE NOTE II 


FINALTEST 


PACKING 


MARKING 


FINAL QC 


STORES 


Rgure 5. Manufacturing Row Chart Operation 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... a solid state Class AB amplifier specifically designed for TV transposers and trans 
mitters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


• 
470-860 MHz 
• 90W-Pout 
• 28 V-VCC 
• 
7 dB Min. Gain, Class AB 


MAXIMUM RATINGS 


ATV5090B 


SO W — 470-860 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389N-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
29 
Vdc 


Supply Current 
ice 
9 
Adc 


Source and Load VSWR (50 O REF.) 
VSWRs.L 
1.20:1 
— 


Operating Temperature Range (Note 1) 
Tc 
-20 to +70 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, 50 n system, Vcc = 28 Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
470 
— 
860 
MHz 


Power Gain (Pout = 90 W, CW) 
GP 
7 
— 
— 
dB 


Efficiency 
T| 
40 
— 
— 
% 


Power Output @ 1 dB Gain Compression 
Pout(1 dB) 
90 
— 
.— 
W 


Input Return Loss (P0ut = 20 W) 
IRL 
15 
— 
— 
dB 


Load Mismatch 
(Prof = SOW, 3 tones, f = 860 MHz, Load VSWR = 3:1, 
All Phase Angles) 


<l> 
No degradation in power output 


Gain Ripple (Pout = 90 W, CW, BW = 470 to 860 MHz) 
Gr 
- 
- 
±1.5 
dB 


Note: 1. Case Temperature is measured at base plate — on RFtransistor flange. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... a solid state Class A amplifier specifically designed for TV transposers and transmit 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


• 
470-860 MHz 
• 20 W - 
Pout 
• 26.5 V — Vcc 
• 
10.5 dB Min. Gain, Class A 


MAXIMUM RATINGS 


ATV6031 


20 W 
— 470-860 MHz 
LINEAR 
POWER AMPLIRER 


CASE 38SB-02, STYLE 1 
(ATV) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
27 
Vdc 


Supply Current 
'cc 
4 
Adc 


Source and Load VSWR (50 n REF.) 
VSWRs.L 
1.2 


Operating Temperature Range (Note 1) 
TC 
-20 to +70 
°c 


Storage Temperature Range 
Tstg 
-40 to +100 
X 


ELECTRICAL CHARACTERISTICS (TC = 50°C, 50 n system, VCc = 26.5 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
470 
- 
860 
MHz 


Power Gain (Pout = 20 W, CW) 
Gp 
10.5 
- 
- 
dB 


Power Output @ 1 dB Gain Compression 
Poutd dB) 
25 
28 
- 
W 


Supply Current (Pout = 20 W) 
ice 
- 
- 
3.6 
A 


Input Return Loss (Pout = 20 W) 
IRL 
15 
- 
- 
dB 


Load Mismatch 
(Pout = 20 W, CW, f = 860 MHz, Load VSWR = oo:1. 
All Phase Angles) 


* 
No degradation in power output 


Gain Ripple (Pout = 20 W, CW, BW = 470 to 860 MHz) 
Gr 
- 
±0.5 
±1 
dB 


Intermodulation Distortion — 3 tones 
(f = 860 MHz, Vce = 25.5 V, Pref = 20 W, 
Vision Carrier = -8 dB, Sound Carrier = -7 dB, 
Sideband Signal = -16 dB, Specification TV05001) 


IMD! 
-50 
dB 


Intermodulation Distortion (IDEM) 
(f = 860 MHz,Vce = 25.5 V, Pref = 20 W, 
Vision Carrier = -8 dB, Sound Carrier = -10 dB, 
Sideband Signal = -16dB) 


IMD2 
-53 
dB 


Note: 1. Case Temperature is measured at base plate — on RF transistor flange. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
Linear Power Amplifier 


... a solid state Class A amplifier specifically designed for TV transposers and transmit 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


• 
470-860 MHz 
• 30 W — Pout 
• 25.5 V —Vcc 
• 
8 dB Min Gain, Class A 


MAXIMUM RATINGS 


ATV7050 


30 W —470-860 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389B-02, STYLE 1 
(ATV) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
vcc 
26.5 
Vdc 


Supply Current 
ice 
6.5 
Adc 


Operating Temperature Range (Note 1) 
TC 
-20 to +60 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICALCHARACTERISTICS (Tc = 50T, 50 « system, Vcc = 25.5 Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
470 
— 
860 
MHz 


Power Gain (Pref = 30 W, 3 tones) 
Gp 
8 
— 
9.5 
dB 


Power Output @ 1 dB Gain Compression 
(Reference to Pout = 30 W) 
Poutd dB) 
40 
— 
— 
W 


input Return Loss (P0ut = 30 W) 
IRL 
15 
- 
— 
dB 


Output Return Loss (P0ut = 30 W) 
ORL 
15 
— 
— 
dB 


Load Mismatch 
(Pref = 22 W, 3 tones, f = 860 MHz, Load VSWR = oo:1. 
All Phase Angles) 


<l> 
No degradation in power output 


Gain Flatness (Pref = 30 W, 3 tones, BW = 470 to 860 MHz) 
Gr 
• • 
-r 
±0.5 
±0.7 
., 
dB 


Intermodulation Distortion — 3 tones 
(f = 860 MHz,Vce = 25.5 V, Pref = 30 W, 
Vision Carrier = -8 dB, Sound Carrier = -7 dB, 
Sideband Signal = -16 dB, Specification TV05001) 


IMD! 
-52 
-51 
dB 


Intermodulation Distortion (IDEM) 
(f = 860 MHz,Vce = 25.5 V. Pref = 30 W, 
Vision Carrier = -8 dB, Sound Carrier = -10 dB, 
Sideband Signal - 
-16 dB) 


IMD2 
-55 
-54 
dB 


Notes: 1. Case Temperature is measured at base plate. 
This document contains Information on a new product. Specifications and information herein are subject to change without notice. 
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ATV7050 


TYPICAL CHARACTERISTICS 
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Rgure 3. Compression Gain versus Frequency 
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Rgure 2. Intermodulation versus Frequency 


OdBREF 


o 
1 


3 TONES METHOD 


IMD1 
: Vision carrier 
-8 dB 
Sound canter 
-7 dB 
Single band signal -16 dB 


IMD2 : Vision carrier 
-8 dB 
Sound carrier 
-10 dB 
Single band signal-16 dB 
OdB corresponds to Peak sync level 


Rgure 4. Peak Sync Level or Reference Level 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... a solid state Class A amplifier specifically designed for TV transposers and transmit 
ters. This amplifier incorporates microstrip technology and discrete linear push-pull 
transistors with gold metallization and diffused emitter ballast resistors to enhance rug- 
gedness and reliability. 


• 
470-860 MHz 
• 40W-Pout 
• 26.5 V — VCc 
• 
10 dB Min. Gain, Class A 


MAXIMUM RATINGS 


ATV7060 


40 W —470-860 MHz 
LINEAR 
POWER AMPLIFIER 


CASE 389B-02, STYLE 1 
(ATV) 


Rating 
Symbol 
Value 
Unit 


Collector Voltage Supply 
VCC 
26 
Vdc 


Supply Current 
ice 
9.4 
Adc 


Source and Load VSWR (50 O REF.) 
VSWRs,u 
1.2 


Operating Temperature Range (Note 1) 
TC 
-20 to +70 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 50°C,50 n system, Vcc = 26.5V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Bandwidth 
BW 
470 
— 
860 
MHz 


Power Gain (Pout = 40 W) 
Gp 
10 
— 
— 
dB 


Power Output @ 1 dB Gain Compression 
Poutd dB) 
55 
— 
— 
W 


Supply Current (Pout = 40 W) 
ice 
- 
3.8 
- 
A 


Input Return Loss (P0ut = 40 W) 
IRL 
15 
- 
- 
dB 


Load Mismatch 
(Pout = 40 W, CW, f = 860 MHz, Load VSWR = oo:1, 
All Phase Angles) 


•l> 
No degradation in power out put 


Gain Flatness (Pout = 40 W, BW = 470 to 860 MHz) 
Gr 
— 
— 
1.0 
dB 


Intermodulation Distortion — 3 tones 
(f = 860 MHz, Vce = 25.5 V, Pref = 40 W, 
Vision Carrier = -8 dB, Sound Carrier = -7 dB, 
Sideband Signal = -16 dB, Specification TV05001) 


IMD! 
-51 
dB 


Intermodulation Distortion (IDEM) 
(f = 860 MHz, VCe = 25.5 V, Pref = 40 W, 
Vision Carrier = -8 dB, Sound Carrier = -10dB, 
Sideband Signal = -16dB) 


IMD2 
-54 
dB 


Note: 1. Case Temperature is measured at base plate — on RF transistor flange 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
VHF/UHF CATV Amplifier 


... designed for broadband applications requiring low-distortion amplification. Specifi 
cally intended for CATV MATV market requirements. These amplifiers feature ion- 
implanted arsenic emitter transistors and an all gold metal system. 
• Specified Characteristics at Vcc = 24 v< TC • 25"C: 
Frequency Range — 40 to 860 MHz 
Power Gain — 17 dB Typ <<> f - 40 MHz 
Noise Figure — 6.5 dB Typ (5 f = 500 MHz 
120 dBMV DIN45004B 
• All Gold Metallization for Improved Reliability 
• Superior Gain, Return Loss and DC Current Stability with Temperature 


CA901 


17 dB 
40-860 MHz 
VHF/UHF 
CATV/MATV 
AMPLIFIER 


CASE 714P-01. STYLE 2 
(CA) 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
~ 14 
dBm 


DC Supply Voltage 
vcc 
26 
Vdc 


Operating Case Temperature Range 
TC 
-20 to 
+ 100 
C 


Storage Temperature Range 
Tstg 
-40 to -100 
"C 


ELECTRICAL CHARACTERISTICS (Tc • 25 C,Vcc = 24 V,75 11 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
860 
MHz 


Power Gain (f = 40 MHz) 
PG 
16.'j 
17 
17.5 
dB 


Slope (40-860 MHz) 
S 
0.2 
0.8 
1.4 
dB 


Gain Flatness 
- 
- 
- 
= 0.3 
dB 


Return Loss — Input f • 
40-100 MHz 


f = 
100-800 MHz 


f 
- 
800-860 MHz 


IRL 
20 


15 


10 


17 


12 


- 


dB 


Return Loss — Output f = 40-100 MHz 


f = 
100-860 MHz 


ORL 
20 
15 
18 


— 
dB 


Second Order Intermodulation Distortion 
(V0ut = 
+ 50 dBmV per ch.) 


IMD 


— 
— 
-60 
dB 


DIN45004B (f = 40-860 MHz. See Figure 1) f = 40-400 MHz 
f = 400-860 MHz 


DIN 
121 
120 


_ 
dB/iV 


Noise Figure 
f = 500 MHz 


f = 860 MHz 


NF 
6.5 
7.0 


7.5 
8.0 
dB 


DC Current 
•DC 
- 
235 
255 
mA 
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DIN 


CA901 


PINCONFIGURATION 


/ 
I ' 


> 


-60 dB 


1. 


^-6dB 


6 MHz 
6M Hz 
12 MHz 


12 
3 
4 
5 
6 
7 
8 
9 


INPUT 
XT TXT 


2W j_ T 


Rgure 1. DIN45004B Test 
Rgure 2. External Connections 
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•»- 
OUTPUT 
-*"VCC 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifier 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics at Vcc = 24 v»TC = 25°C: 
Frequency Range — 10 to 400 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain —17 dB Typ @ f = 50 MHz 
PEP — 400 mW Typ @ -32 dB IMD 
Noise Figure — 8.5 dB Typ @ f = 300 MHz 
• All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 16 
dBm 


Operating Case Temperature Range 
TC 
-20 to +30 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICALCHARACTERISTICS (Tc = 25*C, Vcc = 24 V,50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
— 
400 
MHz 


Gain Flatness 
(f = 30-300 MHz) 
(f = 10-400 MHz) 


— 
±0.5 
±1 
dB 


Power Gain (f = 50 MHz) 
PG 
16.25 
17 
17.75 
dB 


Noise Figure, Broadband 
(f = 60 MHz) 
(f = 300 MHz) 
NF 
— 
5 
8.5 


— 
dB 


Power Output — 1 dB Compression (f = 200 MHz) 
PoldB 
800 
— 
— 
mW 


Third Order Intercept (See Rgure 11, f| =300 MHz) 
ITO 
— 
44 
— 
dBm 


Input/Output VSWR (f = 10-400 MHz) 
VSWR 
— 
2:1 
— 
— 


Second Harmonic Distortion 
(Tone at 10 mW, f2H = 10-300 MHz) 
dgo 
— 
-66 
— 
dB 


Reverse Isolation (f = 10-400 MHz) 
— 
— 
25 
— 
dB 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 10-300 MHz @ -32 dB IMD) 


PEP 


" 


400 


" 


mW 


Supply Current 
ice 
- 
- 
220 
mA 
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CA2800 


17 dB 
10-400 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIER 


CASE 714F-01, STYLE 1 
(CA (POS. SUPPLY)] 
CA2800 


CA2800 


TYPICAL CHARACTERISTICS 
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Rgure 1. Power Gain versus Frequency 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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Rgure 8. Group Delay versus Frequency 


25»C 
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Frequency 
(MHz) 


S11 
S21 
S12 
S22 
Mag 
Ang 
Mag 
Ang 
Mag 
Ang 
Mag 
Ang 


10 
•8.3 
19.3 
16.3 
14.5 
•24.2 
•165 
•9.7 
36.5 


100 
•12.2 
-21.0 
16.8 
•64.5 
•23.8 
135 
•13.1 
•29.3 


200 
-22.1 
28.8 
17.2 
•136 
•23.6 
83 
•22.0 
30.0 


300 
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39.4 
17.0 
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•24.6 
27 
-12.1 
41.7 


400 
•11.0 
17.6 
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-27.0 
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•8.3 
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Rgure 9. S-Parameters 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiringwide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplificationas a result of the push-pullcircuitdesign. 


• Specified Characteristics at Vcc = 24 v»TC = 25°C: 
• Frequency Range —10 to 350 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 33 dB @ f = 50 MHz 
PEP — 400 mW Typ @ -32 dB IMD 
Noise Figure — 8 dB Max @ f = 300 MHz 
• All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
Tc 
-20 to +90 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
•c 


ELECTRICAL CHARACTERISTICS (TC = 25°C,VCc = 24 V, 50 ft system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
350 
MHz 


Gain Flatness 
(f = 30-300 MHz) 
(f = 10-350 MHz) 


— 
— 
±1 
±1.5 
dB 


Power Gain (f = 50 MHz) 
pg 
32 
33 
34 
dB 


Noise Rgure, Broadband 
(f = 60 MHz) 
(f = 300 MHz) 
NF 
— 
4.5 


8 
dB 


Power Output — 1 dB Compression (f = 200 MHz) 
PoldB 
800 
- 
- 
mW 


Third Order Intercept (See Figure 11, fi = 300 MHz) 
ITO 
- 
43 
— 
dBm 


Input/Output VSWR« = 10-350 MHz) 
VSWR 
- 
2:1 
- 
- 


Second Harmonic Distortion 
(Tone at 10 mW, f2H = 10-300 MHz) 
dso 
— 
-66 
— 
dB 


Reverse Isolation (f = 10-350 MHz) 
— 
- 
40 
- 
dB 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 10-300 MHz @ -32 dB IMD) 


PEP 


" 


400 
mW 


Supply Current 
ice 
- 
- 
330 
mA 


MOTOROLA RF DEVICE DATA 
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CA2810C 
CA2810CH 


33 dB 
10-350 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
(CA (POS. SUPPLY)] 
CA2810C 


CASE 826-01, STYLE 1 
(SIP) 
CA2810CH 


CA2810C, CA2810CH 


TYPICAL CHARACTERISTICS 
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Rgure 5. Third Order Intercept versus Voltage 
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Figure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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CA2810C, CA2810CH 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Rgure 8. Group Delay versus Frequency 
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-48.6 
-16.6 
-13.9 
19.0 


100 
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•53.7 
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11.3 
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•18.7 
-3.7 
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Rgure 9. S-Parameters 


Rgure 10. Functional Schematic 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This Hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics at Vcc = 15 V,Tc == 25°C: 
Frequency Range — 40 to 300 MHz 
Output Power — 160 mW Typ @ 1 dB Compression, f = 300 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
PEP — 150 mW Typ @ -32 dB IMD 
Noise Figure — 5 dB Typ @ f = 300 MHz 
• All Gold Metallization for Improved Reliability 
• Designed for 15 V Operation, Low Power Consumption 
• Low VSWR for 75 Ohm System 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
TC 
-20 to +90 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


ELECTRICAL CHARACTERISTICS (Tc = 25'C, Vcc = 15V, 50n systemunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
300 
MHz 


Gain Flatness (f = 40-300 MHz) 
— 
— 
±0.75 
±1.25 
dB 


Power Gain (f = 50 MHz) 
pg 
33 
34 
35 
dB 


Noise Figure, Broadband 
(f - 
50 MHz) 
(f = 300 MHz) 
NF 
3.5 


5 
4.5 


6 
dB 


Power Output — 1 dB Compression (f = 300 MHz) 
PoldB 
— 
160 
— 
mW 


Third Order Intercept (See Rgure 11. fi 
=• 300 MHz) 
ITO 
38 
2.0:1 
— 
dBm 


Input/Output VSWR (f = 40-300 MHz) 
VSWR 
— 
1.2:1 
— 
— 


Second Harmonic Distortion 
(Tone at 10 mW, f2H = 300 MHz) 
dso 
— 
-50 
— 
dB 


Reverse Isolation (f = 40-300 MHz) 
— 
— 
40 
— 
dB 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 40-300 MHz @ -32 dB IMD) 


PEP 
—" 
ISO 
— 
mW 


Supply Current 
ice 
150 
170 
1S0 
mA 


MOTOROLA RF DEVICE DATA 
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CA2813C 
CA2813CH 


34 dB 
40-300 MHz 
160 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
[CA (POS. SUPPLY)] 
CA2813C 


CASE 826-01, STYLE 1 
(SIP) 
CA2813CH 


CA2813C, CA2813CH 


TYPICAL CHARACTERISTICS 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Figure 6. Peak Envelope Power versus Voltage 
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CA2813C, CA2813CH 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Rgure 8. Group Delay versus Frequency 
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Mag 
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Mag 
Ang 


10 
•16.6 
53.0 
33.1 
35.0 
-48.1 
39.1 
-21.2 
48.7 


50 
•32.3 
-2.0 
33.6 
-44.9 
•47.8 
-21.0 
•30.9 
65.0 


100 
-41.4 
119 
34.2 
-107 
•47.7 
-58.0 
•30.3 
22.6 


200 
-27.8 
62.0 
34.5 
130 
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•140 
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•105 


300 
•26.1 
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Rgure 9. S-Parameters 


Rgure 10. Functional Schematic 
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Rgure 11. Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


• Specified Characteristics at Vcc = 24 v< TC = 25°C: 
Frequency Range — 1 to 200 MHz 
Output Power — 800 mW Typ @ 1 dB Compression, f = 200 MHz 
Power Gain — 18.5 dB Typ @ f = 50 MHz 
PEP — 800 mW Typ @ - 32 dB IMD 
Noise Figure — 5.5 dB Typ @ f = 150 MHz 
ITO — 47 dBm Typ @ f = 150 MHz 
• All Gold Metallization for Improved Reliability 
• Refer to CATV Equivalent Model CA2418 for 75 Ohm Performance Data 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 14 
dBm 


Operating Case Temperature Range 
Tc 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
X 


CA2818 
CA2818H 


18.5 dB 
1-200 MHz 
S00 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
(CA) 
CA2818 


CASE 826-01. STYLE 1 
(SIP) 
CA2818H 


ELECTRICAL CHARACTERISTICS (Tc = 25'C,Vcc = 24V, 50n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
1 
— 
200 
MHz 


Gain Flatness 
f = 50-150 MHz 
f = 1-200 MHz 


— 
— 
±0.2 
±0.5 
±0.5 
±1 
dB 


Power Gain (f = 50 MHz) 
pq 
17.75 
18.5 
19.25 
dB 


Noise Figure, Broadband 
f = 30 MHz 
f= 150 MHz 


NF 
— 
4.5 
5.5 
6 


7 
dB 


Power Output— 1 dB Compression (f = 150 MHz) 
PoldB 
800 
300 
— 
mW 


Third Order Intercept (See Figure 11, fi = 150 MHz) 
ITO 
44 
47 
- 
dBm 


Input/Output VSWR (f = 1-200 MHz) 
VSWR 
- 
1.7:1 
2:1 
— 


Second Harmonic Distortion (Tone at 100 mW, f2H = 1-200 MHz) 
dso 
— 
-60 
-55 
dB 


Reverse Isolation (f = 1-200 MHz) 
— 
— 
25 
— 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 1-200 MHz @ -32 dB IMD) 


PEP 
600 
800 
— 
mW 


Supply Current 
ice 
190 
205 
220 
mA 
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CA2818, CA2818H 


TYPICAL CHARACTERISTICS 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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CA2818, CA2818H 
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Rgure 8. Group Delay versus Frequency 
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Rgure 10. Functional Schematic 


Rgure 9. S-Parameters 
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Rgure 11. Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring 
bandwidth, low noise and low distortion. This hybrid provides excellent ga 
with temperature and linear amplification as a result of the push-pull circu 
• Specified Characteristics at Vcc = 24 v< TC = 25°C: 
Frequency Range — 1 to 520 MHz 
Output Power — 440 mW Typ @ 1 dB Compression, f = 1-520 MHz 
Power Gain — 30 dB Typ (a f = 100 MHz 
Noise Figure — 8.3 dB Typ (<j f = 50 MHz 
• All Gold Metallization for Improved Reliability 
• 
Unconditional Stability Under All Mismatch Conditions 


MAXIMUM RATINGS 


wide 


in stab 
t desig 
ility 


n. 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VCC 
28 
Vdc 


RF Power Input 
Pin 
• 10 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
C 


ELECTRICAL CHARACTERISTICS (Tc = 25DC. Vcc = 24 V,50 (i system unless otherwise noted) 


CA2820 
CA2820H 


30 dB 
1-520 MHz 
440 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714M-01, STYLE 2 
(CA) 
CA2820 


CASE 826-01, STYLE 4 
(SIP) 


CA2820H 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
1 
— 
520 
MHz 


Gain Flatness (f • 
1-520 MHz) 
- 
- 
• 0.8 
• 1.5 
dB 


Power Gain (f = 100 MHz) 
PG 
29 
30 
31 
dB 


Noise Figure, Broadband 
f = 30 MHz 


f = 
500 MHz 
NF 
6 
8.3 


8 
10 
dB 


Power Output — 1 dB Compression (f = 1-520 MHz) 
PoldB 
400 
440 
— 
mW 


Third Order Intercept (See Figure 10, f-| = 520 MHz) 
ITO 
35 
37 
— 
dBm 


Input/Output VSWR 
Input 
Output 
VSWR 
1.5:1 
1.8:1 
2:1 
2:1 


— 


Second Harmonic Distortion (Tone at 10 mW, f2H • 
1-520 MHz) 
dso 
- 
-55 
-45 
dB 


Reverse Isolation (f - 
1-520 MHz) 
— 
49 
52 
— 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 1-520 MHz (5 -32 dB IMD) 
PEP 
300 
•100 


— 
mW 


Supply Current 
'CC 
300 
330 
360 
mA 


MOTOROLA RF DEVICE DATA 
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CA2820, CA2820H 


TYPICAL CHARACTERISTICS 


Ii 


I 


Oi 


I 
0 


4-0.5 


-1 


-Ii 


-2 


11 
15 VOL 
24 VOL 
rs — 
_ 


30 


29 


28 


27 


26 


"*»„ 
... 
v^ 
\ 
\ 
\ 


-3d8P0WT'3[L = 
0.65 MHz 


659 MHz 


1 
1 
1 


1 
ic = 25°C 


0 
100 
200300400500600700 
I,FREQUENCY (MHz) 
Rgure 1. Power Gain versus Frequency 


"v 


— 
— 
••— 


re = 25 
5VOLTS 
24VOLTS 
23VOLTS 


"C 


0 
100 
200300400500600700 
I,FREQUENCY (MHz) 
Rgure 3.1 dB Gain Compression versus Voltage 


N 
v 
X 
xv. 
\ 


T,; = 25"< 
\ \ 
i! 


n 


VOLTS 
volts- 
volts.. 


0)00 
200300400500600700 
I,FREQUENCY (MHz) 
Rgure 5. Third Order Intercept versus Voltage 


(Ralttlve to Frequency Response «t 25°C) 
—1 
•>' 
-<trc—'• 
- 


.+* 
.-- 
^" 


vcc = 24V 


1 
100 
200 
300 
400 
500 
600 
700 
f,FREQUENCY (MHz) 
Rgure 2. Relative Power Gain versus Temperature 


5 


4 


32 


30 


_. 28 
I| 
26 


Bf 24 


22 


20 


_A 


^ $ 


^ "^ 
*** 
b* 


^5 ^T-' 
i£vt 
24 VC 
28 V( 


25°C 
"Tl 
} 
100 
200 
300 
400 
500 
600 
700 
(.FREQUENCY (MHz) 
Rgure 4. Noise Figure versus Voltage 


\ 


\ 
"^ 


Tfi = 25•c 


24VOLTS 
3 VOLT! 
\ 


' 
—— 


0 
100 
200300400500 
600700 
(.FREQUENCY (MHz) 
Rgure 6. Peak Envelope Power versus Voltage 


MOTOROLA RF DEVICE DATA 
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CA2820, CA2820H 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Rgure 8. Group Delay versus Frequency 


T = 25*0 
Zo =• SOfi 


Frequency 
(MHz) 
S11 
S21 
S12 
S22 
Mag 
Ang 
Mag 
Ang 
Mag 
Ang 
Mag 
Ang 


1 
-12.5 
•41.4 
30.1 
169 
•52.8 
150 
•6.3 
138 


10 
-25.4 
•24.0 
29.6 
5.0 
•53.8 
5.0 
-24.1 
78 


100 
•27.5 
5.6 
29.6 
-120 
•55.3 
-51.0 
-39.3 
-126 


200 
•21.4 
3.6 
29.3 
120 
-59.0 
•118 
•21.3 
15.7 


300 
•17.1 
•43 
29.1 
•1.6 
-58.2 
145 
•16.0 
•30 


400 
-15.5 
•106 
29.1 
-123 
-53.2 
89.8 
•10.4 
•56.6 


500 
•16.5 
•181 
29.5 
109 
•50.3 
36.0 
•37.7 
150 


600 
•17.3 
129 
28.7 
-41.2 
•55.4 
14.8 
•2.5 
-14.2 
Magnitude in dB, Phase Angle in degrees. 
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Rgure 10. Intermodulation Test 


Rgure 9. S-Parameters 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifierapplicationsin 50 to 100ohm systems requiringwide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
withtemperature and linearamplification as a result of the push-pull circuitdesign. 
• Specified Characteristics at Vcc = 24 v- TC = 25°C: 
Frequency Range — 5 to 200 MHz 
Output Power — 800 mWTyp @ 1 dB Compression, f = 200 MHz 
Power Gain — 34.5 dB Typ @ f = 100 MHz 
PEP — 800 mW Typ @ - 32 dB IMD 
Noise Figure — 4.7 dB Typ @ f = 200 MHz 
ITO — 46 dBm @ f = 200 MHz 
• All Gold Metallization for Improved Reliability 
• Unconditional Stability Under All Load Conditions 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
"C 


Storage Temperature Range 
Tstg 
-55 to +125 
•c 


ELECTRICAL CHARACTERISTICS (TC - 25T, VCc - 
24 V, 50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
5 
— 
200 
MHz 


Gain Flatness (f = 5-200 MHz) 
— 
- 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
33.5 
34.5 
35.5 
dB 


Noise Figure, Broadband (f = 200 MHz) 
NF 
— 
4.7 
5.5 
dB 


Power Output — 1 dB Compression 
(f = 5-200 MHz) 
PoldB 
630 
800 
— 
mW 


Power Output — 1 dB Compression 
(f = 5-200 MHz,VCc = 28 V) 
PoldB 
1000 
1260 
— 
mW 


Third Order Intercept (See Figure 11, fj =200 MHz) 
ITO 
44 
46 
— 
dBm 


Input/Output VSWR(f = 5-200 MHz) 
VSWR 
- 
1.5:1 
2:1 
— 


Second Harmonic Distortion 
(Tone at 100 mW, I2H = 150 MHz) 
dso 
— 
-60 
-50 
dB 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 11) 
(f = 5-200 MHz @ -32 dB IMD) 


PEP 
600 
800 
mW 


Supply Current 
ice 
270 
300 
330 
mA 


MOTOROLA RF DEVICE DATA 
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CA2830 
CA2830H 
CA2833 


34.5 dB 
5-200 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
(CA) 
CA2830 


CASE 826-01, STYLE 1 
(SIP) 
CA2830H 


CASE 714G-01, STYLE 1 
[CA, LOW PROFILE] 
CA2833 


CA2830, CA2830H, CA2833 


TYPICAL CHARACTERISTICS 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak EnvelopePower versus Voltage 


MOTOROLA RF DEVICE DATA 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Rgure 8. Group Delay versus Frequency 
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Mag 
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15.2 
-47.0 
17.7 
-9.8 
87.4 


10 
-19.3 
45.5 
34.6 
•0.6 
•47.0 
2.3 
-14.5 
76.8 


50 
-15.6 
35.0 
34.2 
-56.7 
•47.5 
-30.3 
•12.6 
45.0 
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•13.2 
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10.7 
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Rgure 9. S-Parameters 


Rgure 10. Functional Schematic 


MOTOROLA RF DEVICE DATA 
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Rgure 11. Intermodulation Test 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100ohm systems requiring wide 
bandwidth, low noise and lowdistortion. Thishybrid provides excellent gain stability 
with temperature and linear amplification as a result ofthe push-pull circuit design. 
• SpecifiedCharacteristics at Vcc = 28v- TC = ^5CC: 
Frequency Range — 1 to 200 MHz 
Output Power — 1580 mW Typ (a 1 dB Compression, f = 200 MHz 
Power Gain — 35.5 dB Typ (a f = 100 MHz 
PEP— 900 mW Typ @ -32 dB IMD 
Noise Figure — 6 dB Typ (5 f = 200 MHz 
ITO — 47 dBm <§ f = 200 MHz 
• All Gold Metallization for Improved Reliability 
• Output Power — 2 W @ Vcc = 28 V 
• Unconditional Stability Under All Load Conditions 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
30 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
TC 
-40 to +90 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


CA2832 
CA2832H 


35.5 dB 
1-200 MHz 
1.6 WATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714F-01, STYLE 1 
(CA) 


CA2832 


CASE 826-01. STYLE 1 
(SIP) 


CA2832H 
z 
: 
z 
°'« 
-^^^^_-^ 
- 
ELECTRICAL CHARACTERISTICS (TC = 25°C. VCc = 28 V. 50II systemunlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
1 
— 
200 
MHz 


Gain Flatness (f = 1-200 MHz) 


- 
- 
£0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
?G 
34 
35.5 
37 
dB 


Noise Figure, Broadband (f = 200 MHz) 
NF 


- 
6 
7 
dB 


Power Output — 1 dB Compression (f = 1-200 MHz) 
PoldB 
1260 
1580 
— 
mW 


Power Output — 1 dB Compression (f = 150 MHz) 
po IdB 


- 
2000 
— 
mW 


Third Order Intercept (See Figure 11, f-j = 200 MHz) 
ITO 
45 
47 
— 
dBm 


Input/Output VSWR (f = 1-200 MHz) 
VSWR 
- 
1.5:1 
7:\ 
— 


Second Harmonic Distortion (Tone at 100 mW, f2H = 150 MHz) 
dso 


— 
-70 
GO 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 1-200 MHz (a -32dBIMD) 
PEP 


— 
900 
— 
mW 


Supply Current 
!CC 
400 
435 
470 
mA 


MOTOROLA RF DEVICE DATA 
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CA2832, CA2832H 


TYPICAL CHARACTERISTICS 
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Rgure 3.1 dBGainCompressionversus Voltage 
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Rgure 5. ThirdOrderInterceptversus Voltage 
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Figure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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CA2832, CA2832H 
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Rgure 7. Second Harmonic Distortion versusVoltage 
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Rgure 8. Group Delayversus Frequency 
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Rgure 10. Functional Schematic 


Rgure 9. S-Parameters 
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Rgure 11. Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed foramplifier applications in50to 100 ohm systems requiring wide 
bandwidth,low noise and low distortion. This hybridprovides excellentgainstability 
withtemperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics atVcc = 24V, Tc = 25°C: 
Frequency Range — 30 to 300 MHz 
Output Power —1580mWTyp@1dBCompression, f = 200 MHz, Vcc = 28V 
Power Gain — 22 dB Typ @ f = 100 MHz 
PEP — 650 mW Typ @ - 32 dB IMD 
Noise Figure — 5 dB Typ @ f = 100 MHz 
ITO — 46 dBm @ f = 300 MHz 
• All Gold Metallization for Improved Reliability 
• Unconditional Stability Under All Load Conditions 


MAXIMUM RATINGS 


CA2842 
CA2842H 


22 dB 
30-300 MHz 
1.2 WATTS 
WIDEBAND 
LINEAR AMPLIRERS 


CASE 714F-01, STYLE 1 
[CA (POS. SUPPLY)] 
CA2842 


CASE 826-01, STYLE 1 
(SIP) 
CA2842H 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
VCC 
28 
Vdc 


RF Power Input 
Pin 
+ 14 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
•c 


Storage Temperature Range 
Tstg 
-55 to +125 
»c 


ELECTRICAL CHARACTERISTICS (Tc = 250C, Vcc = 24V, 50n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
30 
— 
300 
MHz 


Gain Flatness (f = 30-300 MHz) 
- 
- 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
21 
22 
23 
dB 


Noise Figure, Broadband (f = 100 MHz) 
NF 
- 
5 
6 
dB 


Power Output — 1 dB Compression 
(f = 30-200 MHz,Vcc = 28 V) 
PoldB 
1260 
1580 
— 
mW 


Power Output — 1 dB Compression 
(f = 200-300 MHz,Vcc = 28 V) 
PoldB 
630 
800 
— 
mW 


Third Order Intercept 
(See Figure 10, fi = 30-300 MHz) 


ITO 
43 
46 
— 
dBm 


input/Output VSWR (f = 30-200 MHz) 
(f = 200-300 MHz) 


VSWR 


— 


— 
1.3:1 
1.5:1 


Second Harmonic Distortion 
(Tone at 100 mW, f2H = 300 MHz) 
dso 
— 
— 
-50 
dB 


Peak Envelope Power 
(Two Tone Distortion Test — See Figure 10) 
(f = 200 MHz @ -32 dB IMD) 


PEP 
550 
650 
mW 


Supply Current 
ice 
210 
230 
250 
mA 


MOTOROLA RF DEVICE DATA 
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CA2842, CA2842H 


TYPICAL CHARACTERISTICS 
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Rgure 1. Power Gain versus Frequency 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Rgure 8. Group Delay versus Frequency 
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Rgure 10. Intermodulation Test 
Rgure 11. Functional Schematic 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed foramplifier applications in 50to 100 ohmsystemsrequiring wide 
bandwidth, lownoiseand lowdistortion. This hybrid provides excellent gainstability 
withtemperature and linear amplification as a result ofthe push-pull circuit design. 
• Specified Characteristics at Vcc = -19 V, Tc = 25°C: 
Frequency Range — 40 to 100 MHz 
Output Power — 320 mW Typ @ 1 dB Compression, f = 100 MHz 
Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ -32 dB IMD 
Noise Figure — 4.5,dB Typ @ f = 70 MHz 
• AllGold Metallization for Improved Reliability 
• Low Power Consumption —Ice = 125 mA Typ @Vcc = -19 V 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
DC Supply Voltage 
vcc 
-28 
Vdc 
RF Power Input 
Pin 
+ 14 
dBm 
Operating Case Temperature Range 
TC 
-40 to +100 
°C 
Storage Temperature Range 
Tstg 
-55 to +125 
"C 
ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc ° -19 V, 50n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
40 
— 
100 
MHz 


Gain Flatness (f = 40-100 MHz) 
— 
— 
±0.1 
±0.2 
dB 
Power Gain (f = 100 MHz) 
PG 
17 
17.5 
18 
dB 
Noise Figure, Broadband (f = 70 MHz) 
NF 
— 
4.5 
5 
dB 
Power Output — 1 dB Compression 
(f = 40-100 MHz) 
PoldB 
250 
320 
— 
mW 


Third Order Intercept (See Figure 10, fi = 70 MHz) 
ITO 
37 
40 
— 
dBm 


Input/Output VSWR (f = 40-100 MHz) 
VSWR 
— 
1.2:1 
1.3:1 
— 


Second Harmonic Distortion 
(Tone at 250 mW, f2H = 100 MHz) 
dso 
— 
-40 
— 
dB 


Peak Envelope Power 
(TwoTone Distortion Test— See Figure 10) 
(f = 40-100 MHz @ -32 dB IMD) 


PEP 
250 
300 
— 
mW 


Supply Current 
ice 
110 
125 
140 
mA 
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CA2850R 
CA2851R 


17.S dB 
40-100 MHz 
320 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714H-01, STYLE 1 
(CA) 
CA2850R 


CASE 714L-01, STYLE 1 
(CA, LOW PROFILE) 
CA2851R 


CA2850R, CA2851R 


TYPICAL CHARACTERISTICS 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Figure 5. Third Order Intercept versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 


MOTOROLA RF DEVICE DATA 


5-47 


CA2850R, CA2851R 
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Rgure 7. Second Harmonic Distortion versusVoltage 
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Rgure 8. Group Delay versus Frequency 


Biased at -19 Volts 
T = 25»C 
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Rgure 10. Intermodulation Test 


Rgure 9. S-Parameters 


Rgure 11. Functional Schematic 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuitdesign. 
Two B+ inputs, one for the preamplifier and one for the final stage, provide a conve 
nient means of RF leveling by variation of the final stage B+ voltage. Although the 
uncorrected flatness of this module is superb (±0.5 dB typical), the leveling provisions 
provide convenient means of correcting for the frequency response of succeeding stages 
and injection of AM modulation. 


• Specified Characteristics at Vcc " 24 v- TC = 25°C: 
Frequency Range — 20 to 400 MHz 
Output Power — 500 mW Typ in 1 dB Compression, f = 400 MHz 
Power Gain — 34 dB Typ @f - 100 MHz 
PEP — 500 mW Typ <§ 
- 32 dB IMD 
Noise Figure — 7.5 dB Typ (S f = 400 MHz 
• All Gold Metallization for Improved Reliability 
e Amplitude Leveling Provision 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
Tc 
-40 to +100 
"C 


Storage Temperature Range 
Tstg 
-55to +125 
°C 


CA2870 
CA2870H 


34 dB 
20-400 MHz 
500 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714M-01. STYLE 1 
(CA) 
CA2870 


CASE 826-01, STYLE 3 
(SIP) 
CA2870H 


ELECTRICAL CHARACTERISTICS (Tc = 25 C, VCc = 24 V, 50 (1 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
20 


- 
400 
MHz 


Gain Flatness (f = 20-400 MHz) 
- 
- 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
32.5 
34 
35.5 
dB 


Noise Figure, Broadband 
f = 30 MHz 


f = 400 MHz 


NF 


— 
4.5 
7.5 
6 
8.5 
dB 


Power Output — 1 dB Compression 
f = 225 MHz 


f 
= 
400 MHz 
Pol dB 
800 


•100 
850 
500 


— 
mW 


Third Order Intercept (See Figure 11, f-j = 300 MHz) 
ITO 
42 
45 
- 
dBm 


Input/Output VSWR (f = 20-400 MHz) 
Input 
Output 


VSWR 


— 
1.5:1 
1.8:1 


2:1 


2:1 


— 


Second Harmonic Distortion (Tone at 100 mW, f2H 
20-400 MHz) 
dso 
- 
-52 
-45 
dB 


Reverse Isolation (f = 20-400 MHz) 
— 
45 
48 


- 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 20r400 MHz @ -32 dB IMD) 


PEP 
400 
500 


— 
mW 


Supply Current 
ice 
270 
300 
330 
mA 
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CA2870, CA2870H 


TYPICAL CHARACTERISTICS 
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Rgure 1. Power Gain versus Frequency 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Rgure S. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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Rgure 7. Second Harmonic Distortion versus Voltage 
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Figure 8. Group Delay versus Frequency 
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•4.3 
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Rgure 9. S-Parameters 


Rgure 10. Functional Schematic 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifier 


... designed for amplifierapplications in 50 to 100ohm systems requiringwide 
bandwidth, lownoise and lowdistortion. Thishybrid provides excellent gainstability 
withtemperatureand linearamplification as a resultof the push-pull circuit design. 
• Specified Characteristics at Vcc = -19 V, Tc = 25°C: 
Frequency Range — 40 to 100 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f = 100 MHz 
Power Gain — 17.5 dB Typ @ f = 100 MHz 
PEP — 300 mW Typ @ -32 dB IMD 
Noise Figure — 4.5 dB Typ @ f = 70 MHz 
ITO — 43 dBm @ f = 70 MHz 
• AllGold Metallization.for Improved Reliability 
• Specified for 75 Ohm Systems 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
-28 
Vdc 


RF Power Input 
Pin 
+ 14 
dBm 


Operating Case Temperature Range 
Tc 
-40 to +100 
•c 


Storage Temperature Range 
Tstg 
-55 to +125 
"C 


CA2875R 


17.5 dB 
40-100 MHz 
400 mWATT 
WIDEBAND 
LINEAR AMPLIFIER 


CASE 714H-01, STYLE 1 
ICA) 
CA2875R 


ELECTRICAL CHARACTERISTICS (Tc = 25°C. Vcc ° -19 V. 75 n system unlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
100 
MHz 


Gain Flatness (f = 40-100 MHz) 
— 
— 
±0.1 
±0.2 
dB 


Power Gain (f = 100 MHz) 
pg 
17 
17.5 
18 
dB 


Noise Figure, Broadband (f = 70 MHz) 
NF 
— 
4.5 
5 
dB 


Power Output — 1 dB Compression (f = 40-100 MHz) 
PoldB 
315 
400 
— 
mW 
Third Order Intercept (See Figure 11, fj =70 MHz) 
ITO 
42 
43 
— 
dBm 


Input/Output VSWR (f = 40-100 MHz) 
VSWR 
— 
— 
1.1:1 
— 
Second Harmonic Distortion (Tone at 250 mW, f2H = 100 MHz) 
dso 
— 
-40 
— 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 40-100 MHz @ -32 dB IMD) 
PEP 
250 
300 
— 
mW 


Supply Current 
'CC 
140 
155 
170 
mA 
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CA2875R 


TYPICAL CHARACTERISTICS 
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Rgure 3.1 dB Gain Compression versus Voltage 
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Rgure 5. Third Order Intercept versus Voltage 
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Rgure 2. Relative Power Gain versus Temperature 
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Rgure 4. Noise Rgure versus Voltage 
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Rgure 6. Peak Envelope Power versus Voltage 
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CA2875R 
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Rgure 8. Group Delay versus Frequency 
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Rgure 9. S-Parameters 
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Rgure 11. Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


• Specified Characteristics at Vcc ~ 24 v<TC = 25°C: 
Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ @ 1 dB Compression, f a 500 MHz 
Power Gain — 17 dB Typ & f = 100 MHz 
PEP — 320 mW Typ <§ - 32 dB IMD 
Noise Figure — 6.5 dB Typ (§ f = 500 MHz 
ITO — 40 dBm Typ (a f • 
1000 MHz 
• 
All Gold Metallization for Improved Reliability 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
14 
dBm 


Operating Case Temperature Range 
TC 
-55 to +125 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
'C 


CA4800 
CA4800H 


17 dB 
10-1000 MHz 
400 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 
4& 
•«ok^IJ"' 
Tcjw^ 


CASE 714P-01, STYLE 2 
(CA) 
CA4800 


/6^2^ 
(i^pSP 


CASE 826-01. STYLE 6 
(SIP) 
CA4800H 


ELECTRICAL CHARACTERISTICS (TC = 25°C. VCc " 24 V,50 !! system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
1000 
MHz 


Gain Flatness (f = 10-1000 MHz) 
- 
- 
±0.5 
n1 
dB 


Power Gain (f = 100 MHz) 
PG 
16 
17 
18 
dB 


Noise Figure, Broadband 
f = 500 MHz 


f = 
1000 MHz 


NF 
— 
6.5 
7.5 


8 


9 
dB 


Power Output — 1 dB Compression (f = 500 MHz) 
Po 1dB 
300 
400 
- 
mW 


Third Order Intercept (See Figure 11, fi 
= 10-1000 MHz) 
ITO 
38 
40 


- 
dBm 


Input/Output VSWR 
f - 40-860 MHz 


f = 
10-1000 MHz 


VSWR 


_ 


— 
2:1 
2.5:1 


— 


Second Harmonic Distortion (P0 = 100 mW, f2H = T000 MHz) 
dso 


- 
-50 
-40 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 


(1 - 
500 MHz (a 
- 32 (IB IMD) 


PEP 
— 
320 
— 
mW 


Supply Current 
ice 
200 
220 
240 
mA 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = -8 dB, Sound Carrier = 
- 10 dB, 
Sideband Signal = -17 dB. See Figure 12. 
f = 860 MHz, PSYNC = 2°° mW' 


IMD 
-60 
dB 


MOTOROLA RF DEVICE DATA 


5-55 


CA4800, CA4800H 


TYPICAL CHARACTERISTICS 


15 


| | TC'= 25*C 


vcc = 28V 


24 V 


15\ 


500 


f,FREQUENCY (MHz) 
Rgure 1. Frequency Response versus Voltage 


1000 
500 
1000 


I,FREQUENCY (MHz) 
Rgure 2. Frequency Response versus Temperature 


3 
vcc = <bv^ 


15V______ 


TC = 25°C 


500 


(.FREQUENCY (MHz) 
Rgure 3. Noise Rgure versus Frequency 


1 
24 


3 
22 


Vrr 
1 
»—= 
= 28v 


24 V 


20V 


TC = 25 « 


500 


f,FREQUENCY (MHz) 
Rgure 4.1 dB Compression versus Frequency 


1000 


i« 
£ 
41 


S 


Vcc = 2 V** 


26V 


24 V 


22V 


TC= 25 •c 


500 


I,FREQUENCY (MHz) 
Rgure 6. Third Order Intercept versus Frequency 


1000 


S 
24 
2 


20 


TC= 25°C 


24 V 


20V 


vcc = 28V 


500 


I.FREQUENCY (MHz) 
Rgure 5. Peak Envelope Power versus Frequency 


1000 


-50 


-60 
TCS 


150r 
!4V 
*C 


nW 


(-8-16-7) 


70 
(-8-17-10) 
1 
500 
1000 


I,FREQUENCY (MHz) 
Rgure 7. Intermodulation Distortion versus Frequency 


MOTOROLA RF DEVICE DATA 


5-56 


CA4800, CA4800H 


-40 


Vre = 20V 
r0 = 
rc = 
20 dE 
25X 
Im 


-50 
I—--"1 


' 
BV 


-60 
•24 


500 
1000 


f,FREQUENCY (MHz) 
Rgure 8. Second Harmonic Distortion 
versus Frequency 


v0 
Tc 
C= 24V 
= 25X 
V 


1 


500 
1000 


I,FREQUENCY (MHz) 
Rgure 9. Group Delay versus Frequency 


Biased at 24 Volts 
220mA 
Zo = 50 Ohms 


Frequency (MHx) 
S11 
S21 
S12 
S22 
k 


10 
-25.26 
116.3 
16.71 
13.8 
-43.08 
-34.0 
-12.00 
95.3 
9.766 


110 
-39.97 
117.8 
17.35 
-47.1 
-42.15 
-8.6 
-18.41 
33.7 
8.596 


210 
-31.20 
130.0 
17.35 
-92.1 
-41.04 
-99.1 
-17.27 
22.1 
7.534 


310 
-27.75 
117.0 
17.29 
-138.1 
-39.80 
-18.4 
-16.91 
9.4 
6.568 


410 
-27.26 
114.0 
17.24 
177.3 
-38.31 
-28.4 
-17.64 
-4.2 
5.588 


510 
-25.39 
125.3 
17.14 
132.2 
-36.36 
-39.7 
-18.85 
-19.7 
4.547 


610 
-21.39 
125.2 
16.87 
88.3 
-34.48 
-56.3 
-19.92 
-43.8 
3.784 


710 
-18.22 
104.8 
16.66 
44.3 
-32.66 
-74.2 
-20.26 
-85.4 
3.146 


810 
-16.08 
71.8 
16.50 
1.4 
-30.48 
-94.0 
-18.80 
-137.1 
2.488 


910 
-12.87 
29.5 
16.74 
-42.7 
-28.03 
-117.4 
-15.81 
166.5 
1.794 


1010 
-8.59 
-20.8 
16.79 
-92.1 
-25.74 
-146.5 
-12.71 
104.8 
1.253 


Rgure 10. S-Parameters 


Rgure 11. 2-Tone Intermodulation Test 


•TO = Po + ~2~ ® ,MD > 60 dB 


Rgure 12. 3-Tone TV Intermodulation Test 
f-j = video 
f2 = Sideband 
f3 = Sound 
PEP = 4 x P0 @ IMD = -32 dB 


INPUT- 


PIN CONFIGURATION 


1234 
56789 
C4 
J44 


r.: 
Ill 
L 


iC3 


OUTPUT 


Vcc 


Ct.z.3.4 » 0.1 mFd (CHIP) 
Rt = 200 OHMS. 1 WAH 
Rgure 13. Extemal Connections 


MOTOROLA RF DEVICE DATA 


5-57 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


• Specified Characteristics at Vqq = 12 V, Tq = 25;C: 
Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ (§ 1 dB Compression, f = 500 MHz 
PEP— 320 mW Typ @ -32 dB IMD 
Noise Figure — 6.5 dB Typ (a f = 500 MHz 
ITO — 40 dBm (u f = 
1000 MHz 
• 
All Gold Metallization for Improved Reliability 
• 
Optimized for 12 Volt Operation 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
14 
Vdc 


RF Power Input 
Pin 
+ 14 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°c 


Storage Temperature Range 
Tstg 
-55 to -r125 
°C 


CA4812 
CA4812H 


17 dB 
10-1000 MHz 
400 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714P-01, STYLE 3 
(CA) 
CA4812 


CASE 826-01, STYLE 7 
(SIP) 
CA4812H 


ELECTRICAL CHARACTERISTICS (TC = 25X,VCc = 12V, 50 II system unlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
10 
- 
1000 
MHz 


Gain Flatness (f - 
10-1000 MHz) 


- 
- 
= 0.5 
*1 
dB 
Power Gain (f = 100 MHz) 
PG 
16 
17 
18 
dB 


Noise Figure, Broadband 
f = 500 MHz 


f • 
1000 MHz 
NF 


— 
6.5 
7.5 


8 


9 
dB 


Power Output — 1 dB Compression (f = 500 MHz) 
po1dB 
300 
400 
— 
mW 
ThirdOrder Intercept (See Figure 11,fj = 10-1000 MHz) 
ITO 
38 
40 
— 
dBm 


Input/Output VSWR 
f = 40-860 MHz 
f = 10-1000 MHz 
VSWR 


— 
z 
2:1 
2.5:1 


- 


Second Harmonic Distortion (P0 = 100 mW. fjH = 1000 MHz) 
dso 


- 
-50 
-40 
dB 
Peak Envelope Power (Two Tone Distortion Test — See Figure 11) 
(f = 500 MHz (<>• -32 dB IMD) 
PEP 


— 
320 


- 
mW 


Supply Current 
>CC 
360 
380 
400 
mA 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = -8 dB, Sound Carrier = 
- 10 dB, 
Sideband Signal = -17 dB. See Figure 12. 
f = 860 MHz, Psync = 200 mW) 


IMD 
-60 
dB 


MOTOROLA RF DEVICE DATA 


5-58 


CA4812, CA4812H 


TYPICAL CHARACTERISTICS 


2 
16 


15 


TC= 
25X 


vcc = «v 


12V 


10 V 


500 


l FREQUENCY (MHz) 


Rgure 1. Frequency Response versus Voltage 


1000 


,» 


— 
~. 
| vcc =i 


TC= -40°C 


2V 


'/" 
s, 


+ 25°C 


/ 
+ 100°C 
1 
500 
1000 


I.FREQUENCY (MHz) 


Figure 2. Frequency Response versus Temperature 


___-»"' 


-, 
^..,--- 


_______ 


vcc = 16V 
1Sjf__. ____-—"_-^"- 


10V 


TC= 25°C 


500 


I.FREQUENCY (MHz) 


Rgure 3. Noise Rgure versus Voltage 


i 
28 


26 


24 


22 


-~r 
1 
.Vcr = 
I—H 
14 V. 


s 


8 


12 V 


10 V 
& 


* 
TC= 2S•c 


o? 
1 1 
500 
1000 


f,FREQUENCY (MHz) 


Rgure 4.1 dB Compression versus Voltage 


§. 
24 
I 


14 V 
V(X; - 


12 V 


10 V 


500 
1000 


f,FREQUENCY (MHz) 


Rgure S. Peak Envelope Power versus Voltage 


MOTOROLA RF DEVICE DATA 


5-59 


CA4812, CA4812H 


I 
§ 
42 
2 
fc 
<1 
jl 
40 


ee 
39 
1 
38 


occ 


| 
| 
VCC-14V 


12 V 


10 V 


g 


500 
1000 


I.FREQUENCY (MHz) 


Rgure 6. Third Order Intercept versus Voltage 
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__cc = 10 V 
TC 
pout 
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= 20 


°C 


<fln 


14 V 
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f,FREQUENCY (MHz) 


1000 


Rgure 8. Second Harmonic Distortion 
versus Frequency 


Psr«= 150mW 
Vcc = «v 
TC= 25"C 


| 
| 
(-8-18-7] 
(-8-17-10) 
1 
1 
1 
500 
1000 


(.FREQUENCY (MHz) 


Rgure 7. Intermodulation: TV Test 


1 


Vcc = 12V 
TC= 25"C 


Vi 


500 
I.FREQUENCY (MHz) 


Rgure 9. Group Delay versus Frequency 


Biased at 12 Volts 
378mA 
Zo = 50 Ohms 


Frequency (MHz) 
S11 
S21 
S12 
S22 
k 


10 
-26.45 
120.1 
16.50 
14.2 
- 43.49 
16.8 
-11.58 
98.1 
10.425 


110 
- 39.42 
132.5 
17.24 
-47.2 
- 42.25 
-0.5 
- 
18.18 
39.2 
8.802 


210 
-31.22 
133.7 
17.15 
-92.3 
-41.15 
-4.7 
- 
16.72 
29.3 
7.787 


310 
-27.72 
118.8 
17.39 
-138.6 
-39.61 
-13.4 
-16.22 
20.5 
6.325 


410 
-27.24 
119.2 
17.33 
176.2 
- 37.91 
-24.1 
-16.30 
-13.6 
5.249 


510. 
-24.56 
139.6 
17.22 
130.5 
-36.08 
-38.2 
-16.64 
-5.6 
4.329 


610 
-19.41 
136.4 
16.97 
86.1 
-34.27 
-55.2 
-17.26 
-6.6 
3.622 


710 
-15.98 
113.6 
16.76 
41.6 
-32.16 
-74.7 
-19.19 
-27.0 
2.926 


810 
-14.04 
76.9 
16.66 
-1.7 
-30.01 
-95.6 
- 25.19 
-55.8 
2.339 


910 
-11.66 
31.1 
16.93 
-46.4 
-27.63 
-120.2 
- 25.82 
119.3 
1.728 


1010 
-7.98 
-24.7 
16.99 
-97.3 
-25.33 
-150.7 
-13.13 
66.2 
1.208 


Rgure 10. S-Parameters 


MOTOROLA RF DEVICE DATA 


5-60 


IMD 


2 
PEP - 4X Po® IMD- 
-3248 


Ho - Po+-^-@IMO>6(Wa 


CA4812, CA4812H 


Rgure 11.2-Tone Intermodulation Test 
Rgure 12. 3-Tone TV Intermodulation Test 


PINCONFIGURATION 


1234 
56789 
L)h 
HlJW XLX 


Ci. i.3» 0.1 mFd (CHIP) 
J_ 


OUTPUT 


••VCC 


Rgure 13. External Connections 


MOTOROLA RF DEVICE DATA 


5-61 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics at Vcc = 15 V,Tc = 25CC: 
Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ (a 1 dB Compression, f = 500 MHz 
Power Gain — 17 dB Typ (a f = 100 MHz 
PEP — 320 mW Typ (a - 32 dB IMD 
Noise Figure — 6.5 dB Typ (§ f = 500 MHz 
ITO — 40 dBm Typ (a f = 1000 MHz 
• All Gold Metallization for Improved Reliability 
• Optimized for 15 V Operation 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Power Input 
Pin 
+ 14 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 15 V,50 ii system unless otherwise noted) 


CA4815 
CA4815H 


17 dB 
10-1000 MHz 
400 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714P-01, STYLE 3 
ICA) 


CA4815 


CASE 826-01, STYLE 7 
(SIP) 
CA4815H 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 


- 
1000 
MHz 


Gain Flatness (f = 
10-1000 MHz) 
- 
- 
= 0.5 
*1 
dB 


Power Gain (f = 100 MHz) 
PG 
16 
17 
18 
dB 


Noise Figure, Broadband 
f = 500 MHz 
f = 
1000 MHz 
NF 
— 
(i.5 
7.5 


8 


9 
dB 


Power Output — 1 dB Compression (f = 500 MHz) 
Po1 dB 
300 
400 
- 
mW 


Third Order Intercept (See Figure 1. fi 
= 10-1000 MHz) 
ITO 
38 
40 


- 
dBm 


Input'Output VSWR 
f = 40-860 MHz 


f = 10-1000 MHz 


VSWR 
2:1 
2.5:1 


— 


Second Harmonic Distortion (P0 = 100 mW, f2H = !000 MHz) 
dso 
- 
-50 
-40 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 1) 
(f = 500 MHz ft, -32 dB IMD) 


PEP 


— 
320 


— 
mW 


Supply Current 
'CC 
360 
380 
400 
mA 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = -8 dB, Sound Carrier - 
-10 dB, 
Sideband Signal - -17 dB. See Figure 2. 
f = 860 MHz, Psync = 200 mW) 


IMD 
-60 
dB 


MOTOROLA RF DEVICE DATA 


5-62 


IMP 


2 
PEP-4XPo®IMD - 
-32<JB 


Rgure 1. 2-Tone Intermodulation Test 


INPUT 


CA4815, CA4815H 


Rgure 2. 3-Tone TV Intermodulation Test 


PIN CONFIGURATION 


12 
3 
4 
5 
6 
7 
8 
9 
^fJTT 
3- 
OUTPUT 


■♦Vcc 


Ci.z.3 =0.1 mFd (CHIP) 
J_ 


Figure 3. Extemal Connections 


MOTOROLA RF DEVICE DATA 


5-63 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics at Vcc = 28 v- TC = 25'C: 
Frequency Range — 10 to 1000 MHz 
Output Power — 1 W Typ (a 1 dB Compression, f = 500 MHz 
Power Gain — 15 dB Typ & f = 100 MHz 
PEP — 800 mW Typ (5 -32 dB IMD 
Noise Figure — 7.5 dB Type @ f = 500 MHz 
ITO — 40.5 dBm (<i f = 
1000 MHZ 
• All Gold Metallization for Improved Reliability 
• Optimized for 28 V Operation 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
37 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
c 


CA5800 
CA5800H 


15 dB 
10-1000 MHz 
800 mWATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714P-01, STYLE 2 
(CA) 
CA5800 


CASE 826-01, STYLE 6 
(SIP) 
CA5800H 
„- 
—, 
„- 
Jl« 
- 


ELECTRICALCHARACTERISTICS (TC = 25'C,VCc ~- 28 V, 50 11 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
— 
1000 
MHz 


Gain Flatness (f = 10-1000 MHz) 
- 
— 
•0.5 
= 1 
dB 


Power Gain (f = 100 MHz) 
PG 
14 
15 
- 
dB 


Noise Figure, Broadband 
f n 500 MHz 


f 
= 
1000 MHz 
NF 


— 
7.5 
8.5 
8.5 
9.5 
dB 


Power Output— 1 dB Compression (f = 500 MHz) 
PoldB 
630 
1000 
— 
mW 


Third Order Intercept (See Figure 9, fi = 47 MHz,f2 ~- 658 MHz) 
ITO 
- 
40.5 
— 
dBm 


Input/Output VSWR 
f = 40-860 MHz 


f 
= 10-1000 MHz 
VSWR 


— 
2:1 


2.5:1 


— 


Second Harmonic Distortion (P0 = 100 mW, f2H = 1000 MHz) 
dso 


- 
55 
-45 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 10) 
(f = 500 MHzr.i -32dB IMD) 
PEP 
— 
800 


— 
mW 


Supply Current 
ice 
360 
400 
440 
mA 


Intermodulation Distortion, 3 Tone 
(Vision Carrier • 
-8 dB, Sound Carrier = 
- 10 dB, 
Sideband Signal = - 17 dB. See Figure 11. 
f - 860 MHz, Psync = 200 mW) 


IMD 
-58 
dB 


Second Order IMD 
(Pt = 2.75 dBm. f] 
373 MHz. f2 - '150 MHz,Sec Fig. 9) 
IM2 
-65 
-60 
dB 


MOTOROLA RF DEVICE DATA 


5-64 


CA5800, CA5800H 


TYPICAL CHARACTERISTICS 


17 
Vcc = 28V 


I 
16 


a? 
15 
'V0SN*«^ 
+25°C 


+ 100*C 


£ 
30 
2 


3 
28 


' 
Vcc =28V 


. - 


500 
1000 
I,FREQUENCY (MHz) 
Rgure 1. Frequency Response versus Temperature 


100 
500 
I.FREQUENCY (Mhz) 
Rgure 2.1 dB Compression versus Frequency 


1000 


or 
29 
Vcc = 28V 


| 
43 


i 
39 


Vcc = 28V 


500 
1000 
t FREQUENCY (MHz) 
Rgure 3. Peak Envelope Power versus Frequency 


500 
1000 
I,FREQUENCY (MHz) 


Rgure 4. Third Order Intercept versus Frequency 


Pane= <0OmW 
Vcc = 28V 


-8-16-7 


-8 -17-10 


500 
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Rgure 5. Intermodulation Distortion versus Frequency 


MOTOROLA RF DEVICE DATA 


5-65 


o 
-60 


J 
-70 


CA5800, CA5800H 


P0= tOOmW 


VCC = 28V 
T~ 


500 
1000 


(.FREQUENCY (MHz) 
Figure 6. Second Harmonic Distortion 
versus Frequency 


L 
Vrr - 
MV 
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500 
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I,FREQUENCY (MHz) 
Rgure 7. Group Delay versus Frequency 


vccav^"" 


-----_____________ 
___^-^ 


500 
I.FREQUENCY (MHz) 
Rgure 8. Noise Rgure versus Frequency 


ITO = P0 + — @ IM3 > 60dB 


Rgure 9. 2-Tone Intermodulation, Test B 
Figure 10. 2-Tone Intermodulation, Test A 


PIN CONFIGURATION 


Rgure 11. 3-Tone TV Intermodulation Test 


12 
3 
4 
5 
6 
7 
8 
9 
HZ 
-)TO 


Ci.2.3.4 - 
0.1 mFd(CKIP) 
Ri - 90 OHMS. 2 WATTS 


Rgure 12. External Connections 


MOTOROLA RF DEVICE DATA 


5-66 


C4 
*~)\~-OUTPUT 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Wideband Linear Amplifiers 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


• Specified Characteristics at Vqc ° 15V<TC = 25°C: 
Frequency Range — 10 to 1000 MHz 
Output Power— 1 W Typ (« 1 dB Compression, f = 500 MHz 
Power Gain — 15 dB Typ (« f = 100 MHz 
PEP—1 WTypfn -32 dB IMD 
Noise Figure — 7.5 dB Typ (§ f - 
500 MHz 
ITO — 40.5 dBm Typ la f = 1000 MHz 
• 
All Gold Metallization for Improved Reliability 
• Optimized for 15 Volt Operation 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
55 to 
• 125 
C 


CA5815 
CA5815H 


15 dB 
10-1000 MHz 


1 WATT 
WIDEBAND 
LINEAR AMPLIFIERS 


CASE 714P-01. STYLE 3 
(CA) 


CA5815 


CASE 826-01, STYLE 7 
(SIP) 
CA5815H 


ELECTRICAL CHARACTERISTICS (Tq - 25CC, Vcc = 15 V.50 <! system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
101)0 
Mil/ 


Gain Flatness (f = 10-1000 MHz) 
- 
- 
-0.5 
-•1 
dB 


Power Gain (f - 
100 MHz) 
PG 
14 
15 
- 
dB 


Noise Figure. Broadband 
f = 500 MHz 


f = 
1000 MHz 
NF 


— 
7.5 
8.5 
8.5 
9.5 
dB 


Power Output — 1 dB Compression (f = 500 MHz) 
PoldB 
630 
1000 
- 
mW 


Third Order Intercept (See Figure 9, fi = 47 MHz; f2 * 658 MHz) 
ITO 
- 
40.5 
— 
dBm 


Input Output VSWR 
f 
40-860 MHz 


f = 
10-1000 MHz 
VSWR 


— 
— 
2:1 


2.5:1 


— 


Second Harmonic Distortion (P0 = 100 mW, (2H = 1000 MHz) 
dso 
— 
-55 
-45 
dB 


Peak Envelope Power (Two Tone Distortion Test — Sec Figure 10) 
(f = 500 MHz (a -32 dB IMD) 
PEP 


— 
1000 


— 
mW 


Supply Current 
ice 
660 
700 
800 
mA 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = -8 dB. Sound Carrier = 
- 10 dB. 
Sideband Signal - 
-17 dB. See Figure 11. 
f = 860MHz, Psync - 200mW) 


IMD 
B0 
dB 


Second Order IMD 
(P0 = 2.75 dBm. \-\ = 373 mHz. f2 = 450 MHz. See Figure 9.) 


IM2 


— 
-65 
00 
(IB 
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§ 
16 


14 


CA5815, CA5815H 


TYPICAL CHARACTERISTICS 


Vcc = 15V 


*"^Nw 
TC =-40T 


^**'——-"+25X 


^ 
^^^ 
+IOOT 


500 


I,FREQUENCY (MHz) 
Rgure 1. Frequency Response versus Temperature 


1000 


Vcc = '5V 


£ 
31 


1 M 


S 
29 


O 
42 


*= 
41 


-- 
^ 
Vcc = «.V 


100 
500 
1000 


(.FREQUENCY (MHz) 
Rgure 2.1 dB Compression versus Frequency 


__—.^—«^— 


"kVCc = 15V 


500 
1000 
I,FREQUENCY (MHz) 


Rgure 3. Peak Envelope Power versus Frequency 


500 
1000 
f,FREQUENCY (MHz) 


Rgure 4. Third Order Intercept versus Frequency 


1 
S 
-40 


-50 


Psvnc = *0>mW 
C=28V 


-8-17 -10 
^ 
r^^ 


-• 
"""hT-16-7 


500 
1000 
I.FREQUENCY (MHz) 


Rgure 5. Intermodulation Distortion versus Frequency 
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CA5815, CA5815H 


Vcc= 15V 


3 


? 
2 L 
Vrr = iSV 
5 
\ 
TC = 2S*C 


i 
1 


0 
£ -70 
500 
1000 
f,FREQUENCY (MHz) 
Rgure 6. Second Harmonic Distortion 
versus Frequency 


1 
500 
I.FREQUENCY (MHz) 
Rgure 7. Group Delay versus Frequency 


1000 


10 


r 


—__^ 
^^^^-^^i= 15V 


500 


(.FREQUENCY (MHz) 


Rgure 8. Noise Rgure versus Frequency 


PEP- 4XPo@IMD - 
-32dB 
ITO = P0 +~y @IM3 <60 dB 


Rgure 9. 2-Tone Intermodulation, Test B 
Rgure 10. 2-Tone Intermodulation, Test A 


PIN CONFIGURATION 


123456789 
XIX 
-)pw 
q- 
OUTPUT 


Vcc 


Rgure 11. 3-Tone TV Intermodulation Test 


Ci 1.) = 0.1 mFd(CHIP) 


Rgure 12. External Connections 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
Wideband Linear Amplifier 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 
• Specified Characteristics at Vqc = 28 V,Tq = 25=C: 
Frequency Range — 10 to 1200 MHz 
Output Power — 1.0 W Typ in 1.0 dB Compression, f = 500 MHz 
Power Gain — 15 dB Typ fa f = 100 MHz 
PEP — 800 mW Typ (a -32 dB IMD 
Noise Figure — 7.5 dB Typ la f = 500 MHz 
ITO — 41 dBm (a f 
• 752 MHz 
• All Gold Metallization for Improved Reliability 
• Optimized for 28 Volt Operation 


MAXIMUM RATINGS 


CA5900 


15 dB 
10-1200 MHz 
800 mWATT 
WIDEBAND 


LINEAR AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
32 
Vdc 


RF Power Input 
Pin 
20 
dBm 


Operating Case Temperature Range 
ic 
10 lo 
• 100 
C 


Storage Temperature Range 
Tstg 
55 to 
• 125 
C 


ELECTRICAL CHARACTERISTICS |TC = 25 C, Vcc • 28 V,50 !! system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current 
ice 
360 
400 
440 
mA 


Frequency Range 
BW 
10 
- 
1200 
Mil; 


Gain Flatness (f 
10-1200 MHz) 
- 
- 
s 0.5 
±1.0 
dB 


Power Gain (f = 100 MHz) 
PG 
14 
15 
— 
dB 


Noise Figure, Broadband 
f = 500 MHz 


f 
= 
1200 MHz 


NF 


_ 
7.5 
8.5 
8.5 
9.5 
dB 


Power Output — 1.0 dB Compression (f = 500 MHz) 
PoldB 
630 
1000 
— 
mW 


Third Order Intercept (See Figure 4, fi = 47 MHz,12 
658 MHz) 
ITO 
— 
41 


- 
dBm 


Input Output VSWR 
f = 40-1000 MHz 


f = 
10-1200 MHz 
VSWR 


— 


_ 
2:1 
2.6:1 


— 


Second Harmonic Distortion (P0 - 
100 mW. f2H = 1200 MHz) 
dso 
- 
-50 
•-.5 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 1) 
(f = 500 MHz... 
-32dBIMD) 
PEP 


— 
800 


— 
mW 


Intermodulation Distortion, 3 Tone 
(Vision Carrier 
-8.0 dB, Sound Carrier = 
- 10 dB, 
Sideband Signal = 
- 17 dB. See Figure 2. 
f 
860 MHz, Psync 
200 mW) 


IMD 
-58 
dB 


Second Order Intermodulation Distortion 
(P0 = 2.75 dBm, t-\ = 373 MHz, 12 = 450 MHz. See Figure 4) 


IM2 


— 
-65 
-60 
dB 


This document contains information on a new product. Specilications and information herein are subject to change without notice. 
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PEP - 4X Po@ IMD - 
-32(18 


Rgure 1. 2-Tone Intermodulation, Test A 


INPUT- 


PIN CONFIGURATION 


1234 
56789 
C4 
J44 444 
L 


^C3 
)hOUTPUT 


Vcc 


Ci. 2.3.4 • 0.1 mfd(CHIP) 
Rl - 90 OHMS.2 WATTS 


Rgure 3. External Connections 


CA5900 


Figure 2. 3-Tone TV Intermodulation Test 


ITO = P0 + —(5 IM3>60dB 


Figure 4. 2-Tone Intermodulation, Test B 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
Wideband Linear Amplifier 


... designed for amplifier applications in 50 to 100 ohm systems requiring wide 
bandwidth, low noise and low distortion. This hybrid provides excellent gain stability 
with temperature and linear amplification as a result of the push-pull circuit design. 


• Specified Characteristics at Vcc = 15 V,Tc = 25"C: 
Frequency Range — 10 to 1200 MHz 
Output Power — 1.0 W Typ (a 1.0 dB Compression, f = 500 MHz 
Power Gain — 15 dB Typ (a f = 100 MHz 
PEP—1.0 mWTypfa -32 dB IMD 
Noise Figure — 7,5 dB Typ (a f = 500 MHz 
ITO — 41 dBm (a f = 752 MHz 
• 
All Gold Metallization for Improved Reliability 
• Optimized for 15 Volt Operation 


MAXIMUM RATINGS 


CA5915 


15 dB 
10-1200 MHz 
1.0 WATT 
WIDEBAND 
LINEAR AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +100 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
=C 


ELECTRICAL CHARACTERISTICS (Tc 
25 C, VCc ; 15 V.50 11 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current 
'cc 
660 
700 
800 
mA 


Frequency Range 
BW 
10 
- 
1200 
MHz 


Gain Flatness (f = 10-1200 MHz) 
- 
- 
• 0.5 
= 1.0 
dB 


Power Gam If 
100 MHz) 
PG 
14 
15 
— 
dB 


Noise Figure, Broadband 
f = 500 MHz 


f = 
1200 MHz 
NF 


— 
7.5 
8.5 
8.5 
9.5 
dB 


Power Output — 1.0 dB Compression (f = 500 MHz) 
po1dB 
630 
1000 
— 
mW 


Third Order Intercept (See Figure 4, fi 
» 47 MHz, f2 = 658 MHz) 
ITO 
- 
41 


- 
dBm 


Input Output VSWR 
f 
40-1000 MHz 


f = 
10-1200 MHz 
VSWR 


_ 
_ 
2:1 


2.6:1 


— 


Second Harmonic Distortion |P0 • 
100 mW, f2H • 1200 MHz) 
dso 
- 
50 
-45 
dB 


Peak Envelope Power (Two Tone Distortion Test — See Figure 1) 
(f = 500 MHz (a -32 dB IMD) 
PEP 
— 
1000 


— 
mW 


Intermodulation Distortion, 3 Tone 
(Vision Carrier = -8.0 dB, Sound Carrier = 
- 10 dB. 
Sideband Signal = 
- 17 dB. See Figure 2. 
f 
860 MHz. Psync 
200 mW) 


IMD 
-60 
dB 


Second Order Intermodulation Distortion 
(P0 - 2.75 dBm. f-\ - 373 MHz. f2 • 450 MHz, See Figure 4) 


IM2 


— 
-65 
GO 
dB 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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PEP • 4XPo©IMD • 
-32AB 


Figure 1.2-Tone Intermodulation, Test A 


INPUT 


PIN CONFIGURATION 


12 
3 
4 
5 
6 
7 
8 
9 
->prx 
L)K 


Ci.j.3 - 0.1 mFd (CHIP) 
J_ 


OUTPUT 


••Vcc 


Figure 3. External Connections 


CA5915 


Rgure 2.3-Tone TV Intermodulation Test 


ITO = P0 + -r-<f' IM3>60dB 


Figure 4. 2-Tone Intermodulation, Test B 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
60-Channel (450 MHz) CATV 
Hi-Slope Trunk Amplifier 


... increased gain slope versus frequency effectively reduces the need for equalization 
external to the amplifier in CATV systems. 
Designed for broadband applications requiring low-distortion amplification. Specifi 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. 


• Specified Characteristics at Vcc = 24 v< Tc = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 15.4 dB Typ @ f = 50 MHz 
— 20.5 dB Typ @ f = 450 MHz 
Noise Figure — 5.5 dB Typ @ f = 450 MHz 
CTB 
60 dB @ Vout = 48 dBmV with 5 dB cable slope. 
• All Gold Metallization System for Improved Reliability 


MAXIMUM RATINGS 


15-20 dB 
40-450 MHz 
60-CHANNEL 
CATV 
TRUNK AMPLIFIER 


CASE 714F-01. STYLE 1 
[CA (POS. SUPPLY)] 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
60 
dBmV 


DC Supply Voltage 
VCC 
28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
"C 


ELECTRICAL CHARACTERISTICS (Vcc = 24V,Tc = 25°C, 75 11 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 


— 450 MHz 
GP 
14.6 
20 
15.4 
20.5 
16.2 


21 
dB 


Gain Slope 
S 
4.7 
5.1 
5.5 
dB 


Gain Flatness (Note 1) 
- 
- 
- 
±0.2 
dB 


Return Loss — Input/Output (f = 40-450 MHz) 
IRL/ORL 
18 
20 
— 
dB 


Composite Second Order Distortion 
(Vout = +48 dBmV Cu 450 MHz, Ch. H22, 60-Channel (« 5.0 dB Cable Upslope) 
CSO 
— 
-68 
-61 
dB 


Cross Modulation Distortion 
(Vout = +48 dBmV (« 450 MHz, Ch. 2, 60-Channel (a 5.0 dB Cable Upslope) 
XMD 
— 
-62 
-60 
dB 


Composite Triple Beat 
(V0ut = +48 dBmV (<• 450 MHz, Ch. H22, 60-Channel (<• 5.0 dB Cable Upslope) 
CTB 
— 
-60 
-58 
dB 


Noise Figure f = 50 MHz 


f = 450 MHz 
NF 
4.6 
5.5 
6.0 
7.0 
dB 


DC Current 
'DC 
- 
220 
240 
mA 


Note: 1. Flatness calculation is based upon the following gain curve: 
Gf = Gso + AG [« (f-50) + B(f-50)2 + 7 |f-50)3] 
where: G50 = Gain at SOMHz 
Gf = Gain at frequency f MHz 
AG 
= Gain slope betwoon 50 MHz and 450 MHz 
a = 3.132 10-3 
B = 1.993 10-6 
7 = -8.934 10-9 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
36-Channel (450 MHz) CATV Hi-Slope 
Input/Output Trunk Amplifier 


... allows increased trunk length. Effectively reduces trunk distortion. 5.0 dB less output 
noise at low end. 
Designed for broadband applications requiring low-distortion amplification. Specifi 
cally intended for CATV market requirements. These amplifiers feature ion-implanted 
arsenic emitter transistors and an all gold metallization system. The input amplifier is 
tuned for minimum noise figure while the output amplifier is tuned for minimum 
distortion.. 
• Specified Characteristics at Vcc = 24 v< TC = 25°C: 
Frequency Range — 40 to 450 MHz 
Power Gain — 15.6 dB Typ @ f = 50 MHz 
— 20.7 dB Typ @ f = 450 MHz 
Noise Figure — 5.7 dB Typ @ f = 450 MHz 
CTB 
66 dB @ Vout = 46 dBmV 
• All Gold Metallization System for Improved Reliability 


MAXIMUM RATINGS 


CA97901 


15-20 dB 
40-450 MHz 
36-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 


CASE 714F-01, STYLE 1 
[CA IPOS. SUPPLY)] 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
69 
dBmV 


DC Supply Voltage 
vcc 
28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
•C 


Storage Temperature Range 
Tstg 
-55 to +100 
°C 


ELECTRICAL CHARACTERISTICS (VCc = 24 V. Tc = 25°C, 75 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
— 450 MHz 
GP 
14.8 
20.2 


15.6 
20.7 
16.4 
21.2 
dB 


Gain Slope 
S 
4.7 
5.1 
5.5 
dB 


Gain Flatness (Note 1) 
— 
- 
- 
±0.2 
dB 


Return Loss — Input/Output (f = 40 MHz) 
(f = 50-80 MHz) 
(f = 80-160 MHz) 
(f = 160-450 MHz) 


IRLrORL 
22 
20 
19 
18 


26 
24 
22 
20 


- 


dB 


Composite Second Order Distortion 
<vout = +46 dBmV per ch., Ch. H20, 36-CH Flat) (Note 2) 
CSO 
— 
-68 
-65 
dB 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch., Ch. 2. 36-CH Flat) (Note 2) 


XMD 
— 
-66 
-65 
dB 


Composite Triple Beat 
(Vout = +46 dBmV per ch., Ch. H20, 36-CH Flat) (Note 2) 
CTB 
— 
-66 
-65 
dB 


Noise Figure (f = 50 MHz) 
(f = 450 MHz) 


NF 
4.6 
5.5 
6.0 
6.8 
dB 


DC Current 
'DC 
- 
220 
240 
mA 


Note 1 and Note 2 — See Next Page. 
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CA97901 


Note: 1. Flatness calculated is based upon the following gain curve: 
Gf = G50+ AG[»(f-50) + B(f-50)2 + y (1-50)3) 
where: G50 - Gain at SOMHz 
Gf - Gain at frequency f MHz 
AG = Gain slope between 50 MHz and 450 MHz 
a = 3.132 • IO-3 
p = 1.993*10-6 
y = -8.934* 10"9 


Note 2: The following Channels are turned on for the CTB, XMOO and CSO measurement: 
Channel # 
Frequency (MHz) 
Channel # 
Frequency (MHz) 


1 
55.25 
13 
235.25 
2 
61.25 
14 
247.25 
3 
133.25 
15 
253.25 
4 
139.25 
16 
259.25 
5 
145.25 
17 
265.25 
6 
151.25 
18 
271.25 
7 
163.25 
19 
283.25 
8 
175.25 
20 
289.25 
9 
187.25 
21 
295.25 
10 
205.25 
22 
301.25 
11 
217.25 
23 
313.25 
12 
229.25 
24 
319.25 
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Channel # 
Frequency (MHz) 


25 
325.25 
26 
337.25 
27 
349.25 
28 
361.25 
29 
367.25 
30 
373.25 
31 
385.25 
32 
391.25 
33 
409.25 
34 
415.25 
35 
421.25 
36 
433.25 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Advance Information 
The RF Line 
High Frequency 
Complementary Pair 
Transistor Array 


... designed for use as an outputdevice inveryfast video amplifier circuits. TheCR820 
transistorarray is a complementary pairof silicon bipolar transistorsconnectedas emit 
ter followers. Theirprimary application will be in black and whitevideomonitorsand 
other uses where discrete steps of brightness are required. 


• High Voltage— V(BR)CBO = 70 V Min 
• High Frequency — fr = 1000 MHz 
• Low Output Capacitance — CCD = 2.5 pF Max d 
• 
Gold Metallization 
• Common-Base Common-Emitter Configuration 


VCB = 15 V 


MAXIMUM RATINGS 


Rating 
Symbol 


Collector-Emitter Voltage 
VcEO 


Collector-Base Voltage' 
VcBO 


Collector Current — Continuous 


Operating Junction Temperature 


Storage Temperature Range 
Tstg 


THERMAL CHARACTERISTICS 


Thermal Resistance, Junction to Case 
RflJC 


ELECTRICAL CHARACTERISTICS (Tc = 25°Cunless otherwise noted) 


Characteristics 
Pins 
Symbol 
Min 


CR820 


HIGH FREQUENCY 
COMPLEMENTARY PAIR 
TRANSISTOR ARRAY 
NPN/PNP SILICON 


CASE 244D-01, STYLE 3 


Value 
Unit 


65 


mA 


200 


-65 to +200 


25 
-C/W 


Typ 
Max 
Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage 
Oc = 1 mA Ifl = 0) 
<IC = -1 mA, Ib = 0) 


4-3 
2-3 
V(BR)CE01 
V(BR)CE02 


70 
-65 
_ 


— 
V 


Collector-Base Breakdown Voltage 
Oc = 0.1 mA, lg = 0) 
OC = -0.1 mA, Ie = 0) 


4-1 


2-1 
V(BR)CB01 
V(BR)CB02 


120 
-80 


— 
— 
V 


ON CHARACTERISTICS 


DCCurrent Gain 
Oc = 50 mA Vce = 5 V) 
Oc = -50 mA, Vce = -5V) 


4-1-3 
2-1-3 
Hfei 
Hfe2 


20 
20 


— 
60 
60 


— 


Base-Emitter Forward Voltage 
Ob = 1 mA -1 mA) 
1-3 
V(BR)CBO 
— 
+ 0.7,-0.7 
— 
V 


DYNAMIC CHARACTERISTICS 


Collector-Base Capacitance 
(Vcb - 15 V) 
(VCb= -15 V) 


Cutoff Frequency 
Oc = 50 mA, Vce = 15 V) 
OC = 50 mA, Vce = 15 V) 


4-1 


2-1 


4-1-3 
2-1-3 


Ccbl 
Ccb2 


FT1 
FT2 


1.0 
1.0 


Thisdocumentcontainsinformation on a new product.Specifications and information hereinare subjectto change withoutnotice. 
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2.5 
2.5 
pF 


GHz 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Video Driver 
Hybrid Amplifiers 


... designed specifically for use as the video channel final stage in high resolution 
monitors. 


• Typical 10-90% Transition Times are 2.5 ns 
• 130 MHz Minimum Bandwidth at 40 Vp-p Output 
• Low Power Consumption 
• Excellent Grey-Scale Linearity 
• 
Unconditional Stability 
• AllGold (Monometallic) MetallizationSystem for the Ultimate in Reliability 
• Also Available In Reverse Polarity Version (-60 VSupply) For Grid DriveApplications. 
Part Numbers Are CR2424R And CR2425R. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
70 
Vdc 


Case Operating Temperature Range 
TC 
-20 to +100 
"C 


Storage Temperature Range 
Tstg 
-40 to +125 
»C 


ELECTRICAL CHARACTERISTICS (VCc = 60 V, Tc = 
output swing with 30 Vdcoffset; R« = 215 ohms, Ci = 
25°C, CLoad 
SO pF typ.) 
= 8.5 pF, 40 V Peak-to-Peak 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (With Input Open Circuited) 
•cc 
39.5 
.43.5 
47.5 
mA 


Input OC Voltage (With Input Open Circuited) 
VinDC 
1.15 
1.4 
1.65 
V 


Output DCVoltage (With Input Open Circuited) 
VoutDC 
26 
30 
34 
V 


Voltage Gain (1) (2) 
Av 
11.2 
12.4 
13.2 
VAr 


Transient Response (2) 
— Rise Time (10% to 30%) 


— Overshoot 


— Fall Time (10% to 90%) 


— Overshoot 


tr 
2.5 
2.9 
ns 


Vos,r 
- 
8.0 
15 
% 


tf 
- 
2.5 
2.9 
ns 


Vos,f 
— 
6.0 
10 
% 


Operating Supply Current (Vout = 40 V Peak-to-Peak, 
50 MHz Square Wave with 30 V offset) (3) 
ICC.max 
— 
— 
100 
mA 


Linearity Error (Vout = +5.0 V to +55 V) 
- 
- 
- 
5.0 
% 


NOTES: 
(1)AV = Vou,/V8 
(2) Input Signal is nominally a 62.S kHzsquare wave of 3.25 V peak-to-peak with 1.4 Vdc offset. 
Input tr, tf < 1.0 ns. 
(3) Output is not short circuit protected. 
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CR2424 
CR2424H 
CR2425 


2.5 ns 
130 MHz 
VIDEO DRIVER 
HYBRID 
AMPLIFIERS 


CR2424 


CASE 714G-01. STYLE 1 
(CALP) 


CR2424H 


CASE 82641. STYLE 1 
(SIP) 


CR2425 


CASE 714F-01, STYLE 1 
(CA) 


CR2424, CR2424H, CR2425 


TYPICAL CHARACTERISTICS 


5 


4 


3 


2 


0 


-1 


20 
40 
Vout, OUTPUT DC LEVEL (VOLTS) 
Rgure 1. Voltage Ratio at RF Input Port 


0 
20 
40 


Voui. OUTPUT DC LEVEL (VOLTS) 


Figure 3. Output Voltage versus Input Current 


+ 60V 


1.7 


1.65 


1.6 


1.55 


1.5 


1.45 


1.4 


1.35 


1.3 


1.25 


1? 
20 
40 
Vout, OUTPUT DC LEVEL (VOLTSI 


Figure 2. Voltage Ratio at Port 1 


0 


0.5 
V0UI = 20Vp-p 


1.5 


-2 


2.5 


-3 


-3.5 


-A 
0 
20 
40 
60 
80 
100 
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Figure 4. Frequency Response 
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The RF Line 
Video Driver 
Hybrid Amplifiers 


• Designed Specifically for use as the Video Channel Final Stage in High Resolution 
Monitors 
• Low Power Consumption 
• Typical 10-90% Transitions Times are 2.7 ns 
• 115 MHz Minimum Bandwidth for 40 Vp-p Output Swing 
• Excellent Grey Scale Linearity 
• Unconditional Stability 
• AllGold (Monometallic) MetallizationSystem for the Ultimate in Reliability 
• 80 Volt Supply Operation Provides Large DCOffset Range for Color Applications 
• Also Available in Reverse Polarity Version (-80 V Supply) for Grid Drive Applications. 
Part Numbers are CR3424R and CR3425R. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
90 
Vdc 


Case Operating Temperature Range 
TC 
-20 to +100 
"C 


Storage Temperature Range 
Tstg 
-40 to +125 
°C 


ELECTRICAL CHARACTERISTICS (Vcc = 80 Vdc, Tc = 25°C, CLoad = 10pF, R* = 287ohms, 
C* = 60 pF Typi, Vout = 40 VPeak-to-Peak with 40 Vdc offset). See Figure 4 for test circuit. 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (With Input Open Circuited) 
ice 
41 
45 
49 
mA 


DC Input Voltage (With Input Open Circuited) 
VinDC 
1.3 
1.55 
1.8 
Vdc 


DC Output Voltage (With Input Open Circuited) 
VoutDC 
36 
40 
44 
Vdc 


Voltage Gain (1) (2) 
Ay 
11.5 
12.7 
13.5 
V/V 


Transient Response (2) 
— Rise Time (10% to 90%) 


— Overshoot 


— Fall Time (90% to 10%) 


— Overshoot 


<r 
2.7 
3.1 
ns 


Vos,r 
- 
- 
10 
% 


tf 
— 
2.7 
3.1 
ns 


Vos,f 
— 
- 
10 
% 


Bandwidth (-3.0 dB Point) 
115 
- 
— 
MHz 


Operating Supply Current (Vout - 40 V Peak-to-Peak, 
50 MHz Square Wave with 40 V offset) (3) 
Ice. max 
— 
— 
100 
mA 


Linearity Error (Vout = +5.0 V to +55 V) 
- 
- 
- 
5.0 
' 
% 


NOTES: 
(11AV = Vout/Vs 
(21Signal source output signal (Vs in Figure 1) is nominally a 62.5 kHzsquare wave of 3.25 V peak-to-peak with 
1.4 Vdc offset 
(3) Output is not short circuit protected 
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CR3424 
CR3424H 
CR3425 


2.7 ns 
115 MHz 
VIDEO DRIVER 
HYBRID 
AMPLIFIERS 


CR3424 


CASE 714G-01, STYLE 1 
(CALP) 


CR3424H 


CASE 826-01, STYLE 1 
(SIP) 


CR3425 


CASE 714F-01, STYLE 1 
(CA) 
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The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 1-200 MHz frequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 28 volts. 
• Specified Vcc = 28 Volt and TC = 25°CCharacteristics: 
Frequency Range — 1 to 200 MHz 
Output Power — 4 W Typ @ 1 dB Gain Compression, f = 100 MHz 
Power Gain — 35 dB Typ @ f = 100 MHz 
ITO — 53 dBm Typ @ f = 100 MHz 
Noise Figure — 6 dB Typ @ f = 200 MHz 
• 500 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 
Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


DHP02-36-40 


4 WATTS 
1 TO 200 MHz 
LINEAR 
POWER 
AMPLIFIER 


DHP 
CASE 389-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
30 
Vdc 


RF Power Input 
Pin 
+ 5 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
°C 


Storage Temperature Range 
Tstg 
-55 to +100 
•c 


ELECTRICAL CHARACTERISTICS <TC = 25"C. VCc = 28 V, 50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
1 
— 
200 
MHz 


Gain Flatness (Peak-to-Peak) (f = 1-200 MHz) 
— 
— 
2 
3 
dB 


Power Gain (f = 100 MHz) 
pg 
33.5 
35 
36.5 
dB 


Noise Figure, Broadband 
f = 100 MHz 
f = 200 MHz 
NF 
— 
5 


6 
6.5 
7.5 
dB 


Power Output — 1 dB Compression 
f = 100 MHz 


f = 200 MHz 
PoldB 
35 
34 
36 
35 


— 
dBm 


Third Order Intercept 
f - 
100 MHz 
(See Figure 1) 
f = 200 MHz 
ITO 
51 
46 
53 
48 
dBm 


Input/Output VSWR (f = 1-200 MHz) 
VSWR 
— 
1.5:1 
2:1 
— 


Supply Current 
ice 
800 
870 
340 
mA 
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Figure 1. 2-Tone 
Intermodulation Test 
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The RF Line 
Linear Power Amplifier 


... designed forwideband linearapplicationsin the 30 to 500 MHz frequency range.This 
solid state, Class A amplifier incorporates microstrip circuittechnology and high perfor 
mance, gold metallizedtransistorsto provide a complete broadband,linearamplifier 
operating from a supply voltage of 24 volts. 
• Specified Characteristics at Vcc = 24 v»TC = 25°C: 
Frequency Range — 30 to 500 MHz 
Output Power — 2 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain — 18 dB Typ @ f = 50 MHz 
ITO — 51 dBm Typ @ f = 300 MHz 
Noise Figure — 5 dB Typ @ f = 300 MHz 
• Designed for use in 50 Ohm Systems 
• 
Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


Rating 
Symbol 


Supply Voltage 
vcc 


RF Power Input 


Operating Case Temperature Range 
TC 


Storage Temperature Range 
'stg 


DHP05-18-20 


18 dB 
30-500 MHz 
2 WATTS 
LINEAR POWER 
AMPLIFIER 


DHP 
CASE 389-01, STYLE 1 


Value 
Unit 


Vdc 


18 
dBm 


-55 to +100 


-40 to +85 


ELECTRICAL CHARACTERISTICS (TC = 25°C, VCc = 24V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc ° 24 V) 
ice 
780 
830 
880 
mA 


Power Gain (f - 
50 MHz) 
GP 
17 
18 
19 
dB 


Bandwidth 
BW 
30 
- 
500 
MHz 


Gain Slope (f = 30-500 MHz) 
S 
0 
0.7 
1.6 
dB 


Gain Flatness (P-P around slope) (f = 30-500 MHz) 
- 
— 
0.5 
1 
dB 


Input/Output VSWR (f = 30-500 MHz) 
- 
- 
1.2:1 
1.5:1 
— 


Output Power @ 1 dB Gain Compression 
(f = 300 MHz) 
(f = 500 MHz) 
PoldB 
33 
31 
35 
33 


— 
dBm 


Third Order Intercept Point 
(f = 300 MHz) 
(f = 500 MHz) 


ITO 
49 
43 


51 
45 


— 
dBm 


Noise Figure 
(f - 300 MHz) 
(f = 500 MHz) 


NF 


— 


5 
6.5 


6 
7.5 
dB 
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The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 2*» Volt and Tc = 25°CCharacteristics: 
Frequency Range — 30 to 500 MHz 
Output Power — 1 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 38.5 dB Typ @ f = 50 MHz 
ITO — 42 dBm Typ @ f = 500 MHz 
Noise Figure — 6 dB Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


DHP05-36-10 


1 WATT 
30-500 MHz 
UNEAR 
POWER 
AMPLIFIER 


DHP 
CASE 389-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 
Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
-3 
dBm 
Storage Temperature Range 
Tstg 
-55 to +100 
°C 
Operating Temperature Range 
TC 
-40 to +85 
°C 
ELECTRICAL CHARACTERISTICS (Tc = 25'C, Vcc = 24V, 50n systemunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Supply Current (Vcc = 24 V) 
ice 
550 
600 
640 
mA 


Power Gain (f = 50 MHz) 
Gp 
35 
36.5 
38 
dB 


Bandwidth 
BW 
30 
— 
500 
MHz 


Gain Slope (f = 30-500 MHz) 
S 
0 
1.5 
3 
dB 
Gain Flatness (P-P around slope) (f = 30-500 MHz) 
— 
— 
0.5 
1 
dB 


Input/Output VSWR (f = 30-500 MHz) 
— 
— 
1.2:1 
1.5:1 
— 


Output Power @ 1 dB Gain Compression 
(f = 300 MHz) 
(f •= 500 MHz) 
PoldB 
31 
28 
33 
30 


— 
dBm 


Third Order Intercept Point 
(f = 300 MHz) 
(f = 500 MHz) 
ITO 
46 
39 
49 
42 


— 
dBm 


Noise Figure 
(f = 300 MHz) 
(f = 500 MHz) 
NF 


— 
5 


6 


6 


7 
dB 
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The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHzfrequency range. 
This solid state, Class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli 
fier operating from a supply voltage of 28 volts. 
• SpecifiedCharacteristics Vcc = 28 Voltand TC = 25°c Characteristics: 
Frequency Range —10 to 1000 MHz 
Output Power— 1.6 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain —15 dB Typ @ f = 100 MHz 
ITO — 44 dBm Typ @ f = 1000 MHz 
Noise Figure — 8 dB Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


Rating 
Symbol 


Supply Voltage 
VCC 


RF Power Input 


Operating Case Temperature Range 
TC 


Storage Temperature Range 
'stg 


DHP10-14-15 


1.6 WATT 
10-1000 MHz 
LINEAR 
POWER 
AMPLIFIER 


DHP 
CASE 389-01, STYLE 1 


Value 


32 


23 


•55 
to +100 


-40 to +85 


Unit 


Vdc 


dBm 


ELECTRICALCHARACTERISTICS (Tc = 25°C, VCc = 28 Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
ice 
720 
800 
880 
mA 


Power Gain (f = 100 MHz) 
GP 
14 
15 
16 
dB 


Bandwidth 
BW 
10 
- 
1000 
MHz 


Gain Flatness (P-P) (f = 10-1000 MHz) 
— 
- 
±0.8 
±1.5 
dB 


Input/Output VSWR 
(f = 40-900 MHz) 
(f = 10-1000 MHz) 


— 


— 
2:1 
2:1 
2.5:1 


— 


Output Power @ 1 dB Gain Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
31 
30 
32 
31 


— 
dBm 


Third Order Intercept Point 
(f = 500 MHz) 
(f = 1000 MHz) 


ITO 
43 
42 
45 
44 
— 
dBm 


Noise Figure 
(f = 500 MHz) 
(f = 1000 MHz) 


NF 


— 


8 


9 


9 
10 
dB 


MOTOROLA RF DEVICE DATA 


5-85 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... developed for medium power requirements in instrumentation, communications 
equipment and military applications; also cellular radio SOO MHz base stations. These 
packaged assemblies are in moisture resistant, EMI shielded cases and are matched for 
use in 50 ohm systems. 
• Specified Characteristics at Vcc = 28 v- Tc = 25°C: 
Frequency Range — 10 to 1000 MHz 
Output Power — 630 mW Typ @ 1 dB Gain Compression, f = 1000 MHz 
Power Gain — 32 dB Typ @ f = 100 MHz 
ITO — 42 dBm Typ @ f = 1000 MHz 
Noise Figure — 7.5 dB Typ @ f = 1000 MHz 
• Designed for use in 50 Ohm Systems 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


DHP10-32-08 


32 dB 
10-1000 MHz 
630 mW 
LINEAR POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
32 
Vdc 
J 


RF Power Input 
Pin 
3 
dBm 


Operating Case Temperature Range 
TC 
-55 to +100 
•c 


Storage Temperature Range 
Tstg 
-40 to +85 
°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 28 Vunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
'cc 
560 
620 
680 
mA 


Power Gain (f = 100 MHz) 
GP 
30 
32 
34 
dB 


Bandwidth 
BW 
10 
— 
1000 
MHz 


Gain Flatness (P-P) (f = 10-1000 MHz) 
- 
— 
±1 
±1.5 
dB 


Input/Output VSWR 
(f = 40-900 MHz) 
(f = 10-1000 MHz) 


— 
— 
2:1 
2:1 
2.5:1 


— 


Output Power @ 1 dB Gain Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
28 
27 
29 
28 


— 
dBm 


Third Order Intercept Point 
(f = 500 MHz) 
(f = 1000 MHz) 
ITO 
41 
40 
43 
42 


— 
dBm 


Noise Figure 
(f = 500 MHz) 
(f = 1000 MHz) 
NF 
— 
6.5 
7.5 
8 


9 
dB 
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The RF Line 
450 MHz CATV 
Feedforward Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi 
cally intended for CATV market requirements. Two hybrid amplifiers along with couplers 
and delay lines are packaged together to provide extremely low distortion products at 
conventional CATV amplifier output levels. 
• SpecificallyDesigned to Provide Improved Performance in 450 MHz CATV Applications 
• Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 
• Specified for 60-Channel Performance 
• 
Fully Shielded Metal Package 
• Available in Bent Lead Option 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 55 
dBmV 


DC Supply Voltage 
vcc 
28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


CASE 825-03. STYLE 1 
FF124 


CASE 82SA-02, STYLE 1 
FF124B 


ELECTRICAL CHARACTERISTICS (Vcc = 24V, Tc = 60°C, 75 ft system unless otherwise noted) 


Frequency Range 
BW 
40 
- 
550 
MHz 


Power Gain — 50 MHz 
GP 
23.4 
24 
24.6 
dB 


Slope 
S 
+ 0.2 
- 
+ 1.4 
dB 


Gain Flatness 
- 
- 
- 
±0.2 
dB 


Return Loss — Input 
(f = 40-450 MHz) 
IRL 
18 
— 
- 
dB 


Return Loss — Output (f = 40-450 MHz) 
ORL 
18 
- 
- 
dB 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. A, H2, H22) 


IMD 
— 
— 
-80 
dB 


Cross Modulation Distortion 
(Vout - 46 dBmV per ch., ch. 2, 60-channels) 
(Vout = "6 dBmV per ch., ch. 2, -, H22) 


XMD60 


- 
-80 
-76 


dB 


Composite Triple Beat 
(vout = 46 dBmV per ch., ch. 2, 60-channels) 
(Vout = 46 dBmV per ch., ch. 2, —, H22) 


CTB 


- 
-85 
-79 


dB 


Noise Figure 
(f - 
50 MHz) 
(f = 450 MHz) 


NF 
— 
— 
9 
10 
dB 


DC Current 
IDC 
- 
660 
- 
mA 
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FF124, FF124B 


PERFORMANCE DERATE versus TEMPERATURE (TYP) 


Symbol 
Characteristics 
Test Conditions 
-20 +80"C 


Gain 
50 MHz 
±0.5 dB 


CIRCUITRY BLOCK DIAGRAM 


PERFORMANCE MEASUREMENT 
Motorola test fixture: P/N FF124TF (For straight pins) 
and P/N FF124BTF (For bent pins) are necessary for 
accurate measurement. 
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-20 +100°C 


±0.6 dB 


OUT 
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The RF Line 
550 MHz CATV 
Feedforward Amplifiers 


... designed for broadband applications requiring low-distortion amplification. Specifi 
cally intended for CATV market requirements. Two hybrid amplifiers along with couplers 
anddelay lines arepackaged together to provide extremely low distortion products at 
conventional CATVamplifier output levels. 
• Specifically Designed toProvide Improved Performance in 550 MHz CATV Applications 
• Distortion Components Reduced more than 20 dB from Conventional CATV Hybrid 
Amplifiers 
• Specified for 77-Channel Performance 
• Fully Shielded Metal Package 
• Available in Bent Lead Option 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RFVoltage Input (Single Tone) 
Vin 
+ 55 
dBmV 


DC Supply Voltage 
vcc 
28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
•c 


Storage Temperature Range 
Tstg 
-40 to +100 
X 


ELECTRICAL CHARACTERISTICS (Vcc = 24V, Tc = e^C.75ft system unless otherwise noted) 


Frequency Range 
BW 


Power Gain — 50 MHz 
GP 
23.4 


Slope 
+ 0.2 


Gain Flatness 


Return Loss — Input 
(f 
(f 


40-450 MHz) 
450-550 MHz) 


Return Loss — Output (f = 40-550 MHz) 


Second Order Intermodulation Distortion 
(Vout = +50 dBmV per ch., ch. A.H2,H22) 


Cross Modulation Distortion 
(Vout = ** dBmV per ch., ch. 2, 77-channels) 
(Vout = 44 dBmVper ch., ch. 2, —, H39) 


Composite Triple Beat 
(Vout = 44 dBmVper ch., ch. 2, 77-channels) 
(Vout = 44 dBmV per ch., ch. 2, --, H39) 


Noise Figure 
(f = 50 MHz) 
(f = 550 MHz) 


DC Current 


IRL 


ORL 


IMD 


XMD77 


CTB 


NF 


'DC 
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FF224 
FF224B 


24 dB 
40-550 MHz 
77-CHANNEL 
CATV 
FEEDFORWARD 
AMPLIFIERS 


CASE 825-03, STYLE 1 
FF224 


CASE 825A-02, STYLE 1 
FF224B 


24 
24.6 


+ 1.8 


±0.25 


-80 


-80 


-85 


660 


MHz 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


dB 


mA 


FF224, FF224B 


PERFORMANCE DERATE versus TEMPERATURE (TYP) 


Symbol 
Characteristics 
Test Conditions 
-20 +80"C 
-20 +100°C 


G 
Gain 
50 MHz 
±0.5 dB 
±0.6dB 


CIRCUITRY BLOCK DIAGRAM 


PERFORMANCE MEASUREMENT 
Motorola test fixture: P/NFF124TF (Forstraight pins) 
and P/N FF124BTF (For bent pins) are necessary for 
accurate measurement. 
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The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER 


low-noise, 
high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


• 
Supply Voltage = 24 V Nominal 


• 
Broadband Power Gain — 
Gp =34 dB (Typ) @f=10-400 MHz 


• 
Broadband Noise Figure - 
NF = 3.5 dB (Typ) @f = 300 MHz 


• 
Ideal for 
Low Level Wideband 
Linear Amplifiers and 
AM 
Modulators in 
VHF/UHF Communications Equipment and 


RF Instrumentation Applications 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vDc 
28 
Vdc 


Input Power 
Pin 
5.0 


Operating Case Temperature Range 
TC 
-20 to+90 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 


ELECTRICAL CHARACTERISTICS (VDC = 24 Vdc. 20 • 50n. TC = 25°C. All 
characteristics guaranteed over bandwidth listed under "Frequency Range", unless specilied 


otherwise.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 


- 
400 
MHz 


Power Gain 
Gp 
31.5 
34 
35.5 
dB 


Gain Flatness 
F 


- 
- 
±1.8 


Voltage Standing Wave Ratio, In/Out 
(f = 10-300 MHz) 
(f « 300-400 MHz) 


VSWR 


- 
1.5:1 


2:1 


- 


1 dB Compression 
(f » 10 MHz) 


(f = 200 MHz) 
(f - 400 MHz) 


P1 


700 


800 
800 
300 


- 


mW 


Reverse Isolation 
PRI 
43 
50 


- 
dB 


2nd Harmonic 
(Pout = 10 mW) 
dso 
-66 


Third Order Intercept 
>T0 
- 
43 
dBm 


Peak Envelope Power for -32 dB 
PEP 


- 
500 
- 
mW 


Noise Figure 
(f = 60 MHz) 
(f = 300 MHz) 


NF 


- 
4.0 


3.5 
5.5 


dB 


DC Voltage 
vdc 
- 
24 
28 
V 


DC Current 
'DC 
— 
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MHW590 


10-400 MHz 


HIGH GAIN AMPLIFIER 
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FIGURE 1 - 
POWER GAIN AND RETURN 
LOSS versus FREQUENCY 
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FIGURE 5 - OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - POWER GAIN versus FREQUENCY 
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FIGURE 4 - NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 — OUTPUT POWER versus INPUT POWER 
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FIGURE 7 - 
INTERMODULATION DISTORTION - THIRD 
ORDER versus OUTPUT POWER 
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FIGURE 9 - 
INTERMODULATION DISTORTION - THIRD 
ORDER versus OUTPUT POWER 
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FIGURE 11 - OC CURRENT DRAIN versus SUPPLY VOLTAGE 
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The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER 


. . . low-noise, 
high-gain, ultra-linear, thin-film hybrid. Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring superior gain and current stability with temperature. 


• 
Supply Voltage = 13.6 V Nominal 


• 
Broadband Power Gain - 
Gp =36.5dB (Typ) @f = 1-250 MHz 


• 
Broadband Noise Figure - 
NF = 3.7dB (Typ) @ f = 30 MHz 


• 
Ideal 
for 
Low 
Level Wideband 
Linear 
Amplifiers 
and 
AM 
Modulators in HF/SSB, VHF Communications Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 
Supply Voltage 
vDc 
16 
Vdc 
Input Power 
Pin 
3.0 
dBm 
Operating Case Temperature Range 
TC 
-20 to+90 
°C 
Storage Temperature Range 
Tstg 
-40 to+100 
°C 


ELECTRICAL CHARACTERISTICS 
(VDC = 
characteristics guaranteed over bandwidth listed un 
otherwise.) 


13.6 Vdc. 20 = 50 P.. Tc = 25°C. All 
der "Frequency Range", unless specified 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
1.0 
- 
250 
MHz 


Power Gain 
Gp 
34.5 
36.5 
38 
dB 


Gain Flatness 
F 
- 
£1.5 
(IB 


Voltage Standing Wave Ratio, In/Out 
((= 1.0-30 MHz) 
(1- 30-250 MHz) 


VSWR 


- 
1.5:1 


2:1 


- 


1 dB Compression 
(f »30 MHz) 
((= 100 MHz) 
(f • 250 MHz) 


P1 
650 
800 


700 


250 


- 


mW 


Peak Envelope Power 
(IMD3 = -30 dB. f = 30 MHz) 
(IMD3 = -30 dB. f = 100 MHz) 
(IMD3 = -30 dB.f -250 MHz) 


PEP 
700 
850 
600 
300 


- 


mW 


Noise Figure 
(f = 30MHz) 


(f = 100 MHz) 
If -250 MHz) 


NF 


- 


3.7 


3.7 
4.5 


5.0 


dB 


DC Voltage 
vDc 


- 
13.6 
1G 
V 


DC Current 
"DC 
- 
300 
340 
mA 
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FIGURE 1 - POWER GAIN versus FREQUENCY 
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FIGURE 3 - POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5 - OUTPUT POWER versus INPUT POWER 
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FIGURE 2 - POWER GAIN versus FREQUENCY 
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FIGURE 4- NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6 - OUTPUT POWER versus INPUT POWER 
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FIGURE 7- INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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FIGURE 8 - 
INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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FIGURE 9- DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER 


. . . low-noise, 
high-gain, 
ultra-linear, 
thin-film 
hybrid. 
Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring 
superior 
gain and 
current stability with 
temperature. 


• 
Supply Voltage = 24 V Nominal 


• 
Broadband Power Gain - 
Gp =35dB (Typ) @f = 1-250 MHz 


• 
Broadband Noise Figure - 
NF = 3.6 dB (Typ) @ f = 30 MHz 


• 
Ideal 
for 
Low 
Level 
Wideband 
Linear 
Amplifiers 
and 
AM 
Modulators 
in 
HF/SSB, 
VHF 
Communications 
Equipment 
and RF Instrumentation Applications 


MAXIMUM RATINGS 


Rating 
Symbol 
Valuo 
Unit 


Supply Voltage 
vdc 
28 
Vdc 


Input Power 
Pin 
5.0 
dBm 


Operating Case Temperature Range 
TC 
-20 to+90 
°C 


Storage Temperature Range 
Tstg 
-40 to+100 
°C 


ELECTRICAL CHARACTERISTICS (VDC = 24 Vdc, Z0 = 50 n. Tc • 25°C. All 
characteristics guaranteed over bandwidth listed under "Frequency Range", unless specified 


otherwise.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
1.0 
- 
250 
MHz 


Power Gain 
Gp 
33.5 
35 
36.5 
dB 


Gain Flatness 
F 
- 
- 
tl.0 
dB 


Voltage Standing Wave Ratio. In/Out 
If • 1.0-30 MHz) 
(f - 30-250 MHz) 


VSWR 


- 
1.5:1 


2:1 


- 


1 dB Compression 
(f = 30 MHz) 
(f- 100 MHz) 


(f - 250 MHz) 


P1 
750 
900 
900 
750 


- 


mW 


Peak Envelope Power 
(IMD3 = -30dB, f =30 MHz) 
(IMD3 = -30 dB, f = 100 MHz) 
(IMD3 = -30 dB, f = 250 MHz) 


PEP 
700 
850 
850 
600 


- 


mW 


Noise Figure 
(f = 30 MHz) 


(f = 100 MHz) 
(f = 250 MHz) 


NF 


- 
3.6 
3.7 


3.9 


5.0 


dB 


DC Voltage 
vDc 
- 
24 
28 
V 


DC Current 
'DC 
- 
300 
340 
mA 
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1.0-250 MHz 


HIGH GAIN AMPLIFIER 


NOTES: 
I DIMENSIONING AND I01ERANCING PERANSI 
Y14SM. 1982 
2. CONTROLLING DIMENSION: INCH. 
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FIGURE 1 - - POWER GAIN versus FREQUENCY 
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FIGURE 3 - POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 5- OUTPUT POWER versus INPUT POWER 
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FIGURE 2- POWER GAIN versus FREQUENCY 
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FIGURE 4 - 
NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 6-- OUTPUT POWER versus INPUT POWER 
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FIGURE 7 - 
INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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FIGURE 8 - 
INTERMODULATION 
DISTORTION versus OUTPUT POWER 
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FIGURE 9 - 
DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIER 


. . . low-noise, 
high-gain, 
ultra-linear, 
thin-film 
hybrid. 
Designed 
for multi-purpose broadband 50 to 100 ohm system applications 
requiring 
superior 
gain 
and 
current stability with temperature. 


• 
Supply Voltage = 13.6 V Nominal 


• 
Broadband Power Gain — 
Gp=34.5 dB (Typ)@f = 10-400 MHz 


• 
Broadband Noise Figure — 
NF = 4.0 dB (Typ) @ f = 300 MHz 


• 
Ideal 
for 
Low 
Level 
Wideband 
Linear 
Amplifiers 
and 
AM 
Modulators 
in 
VHF/UHF 
Communications 
Equipment 
and 
RF Instrumentation Applications 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vDc 
16 
Vdc 


Input Power 
pin 
3.0 
dBm 


Operating Case Temperature Range 
TC 
-20 to+90 
°C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


ELECTRICAL CHARACTERISTICS 
(VDC c 13.6 Vdc. Z0 = 50 Si. Tc - 25°C. All 
characteristics guaranteed over bandwidth listed under "Frequency Range", unless specified 
otherwise.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
400 
MHz 


Power Gain 
Gp 
33 
34.5 
36 
dB 


Gain Flatness 
F 


- 
- 
±1.0 
dB 


Voltage Standing Wave Ratio. In/Out 


(f = 10-300 MHz) 
(f = 300-400 MHz) 


VSWR 


- 
1.5:1 
2:1 


- 


1 dB Compression 
(f- 10 MHz) 


(f - 200 MHz) 


(f " 400 MHz) 


P1 


500 
600 
600 
200 


- 


mW 


Reverse Isolation 
PRI 
45 
50 


- 
dB 


2nd Harmonic 
(Pout= 10 mW) 
«so 
— 
-55 


— 
dB 


Third Order Intercept 
'TO 
- 
28 
- 
dBm 


Peak Envelope Power (or -32 dB 
Distortion 
PEP 


- 
300 


- 
mW 


Noise Figure 


(f - 60 MHz) 


(f = 300MHz) 


NF 


- 
3.7 
4.0 
5.5 


dB 


DC Voltage 
vDc 


- 
13.6 
16 
V 


DC Current 
'DC 
- 
300 
340 
mA 
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FIGURE 1 - 
POWER GAIN AND RETURN 
LOSS versus FREQUENCY 
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FIGURE 3 - 
POWER GAIN versus SUPPLY VOLTAGE 
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FIGURE 4 - 
NOISE FIGURE versus SUPPLY VOLTAGE 
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FIGURE 5 - OUTPUT POWER versus INPUT POWER 
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FIGURE 6 - 
OUTPUT POWER versus INPUT POWER 
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MHW593 


FIGURE 7 - 
INTERMODULATION DISTORTION - THIRD 
ORDER versus OUTPUT POWER 
FIGURE 8 - 
INTERMODULATION DISTORTION - 
FIFTH 
ORDER versus OUTPUT POWER 
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FIGURE 9 - 
INTERMODULATION DISTORTION - THIRD 
ORDER versus OUTPUT POWER 
FIGURE 10 - 
INTERMODULATION DISTORTION - 
FIFTH 
ORDER versus OUTPUT POWER 
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FIGURE 11 - 
DC CURRENT DRAIN versus SUPPLY VOLTAGE 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
VHF Power Amplifiers 


... designed for 7.5 volt VHF power amplifier applications in industrial and com 
mercial equipment primarily hand portable radios. 


• 
MHW607-1: 136-154 MHz 


• 
MHW607-2: 146-174 MHz 
• 
Specified 7.5 Volt Characteristics: 
— RF Input Power = 1.0 mW (0 dBm) 
— RF Output Power = 7.0 Watts 
— Minimum Gain (Vcontrol = 7-° v) = 38.5 dB 
— Harmonics = -40 dBc Max (a 2.0 f0 
• 
50 fl Input/Output Impedance 
• Guaranteed Stability and Ruggedness 
• 
Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25 C) 


MHW607 
Series 


7.0 W— 136 to 174 MHz 
VHF POWER 
AMPLIFIERS 


CASE 301K-02. STYLE 2 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage (Pins 2. 4, 5) 
Vs1.2.3 
9.0 
Vdc 


DC Control Voltage (Pin 3) 
vCont 
9.0 
Vdc 


RF Input Power 
Pin 
5.0 
mW 


RF Output Power (Vsi 
= Vs2 • 
VS3 = 9.0 V) 
pout 
10 
W 


Operating Case Temperature Range 
TC 
-30 to +100 
C 


Storage Temperature Range 
Tstg 
-30 to 
- 100 
c 


ELECTRICAL CHARACTERISTICS Vs1 = Vs2 = Vs3 = 7.5 Vdc, (Pins 2. 4, 5), Tc = 25"C, 50 II System 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW607-1 
MHW607-2 


— 
136 


146 
154 


174 
MHz 


Control Voltage (Pou, = 7.0W. Pjn = 1.0mWjOJ 
vCont 
0 
7.0 
Vdc 


Quiescent Current (Vsi 
= VS2 - VS3 = 7.5 Vdc. Vc0nt = 7.0 Vdc) 
ls1(q)tls2(q) 


- 
160 
mA 


Power Gain |Pout = 7.0 W, Vcont = 7.0 Vdc) 
Gp 
38.5 
- 
dB 


Efficiency (Pout = 7.0W, Pin = 1.0mW)(D 
V 
40 
- 
% 


Harmonics (Pout = 7.0W)C) 
2 f0 
(Pin = 1.0 mW) 
3f0 


— 
-40 
-45 
dBc 


Input VSWR (Pout = 7.0 W, Pjn = 1.0 mW), 50 Ii Ref. (1) 
- 
- 
2.0:1 


- 


Load Mismatch (Vsi 
= Vs2 = Vs3 = 9.0 Vdc) 
VSWR = 20:1, Pout = 10W. Pjn = 5.0mW)d) 
No Degradation 
in Power Output 


Stability (Pjn = 1.0-3.0 mW, Vs1 = Vs2 = Vs3 = 6.0-9.0 Vdc) 
Poutbetween 1.0Wand 10wl1> 
Load VSWR = 8:1 


All spurious outputs 
more than 60 dB 
below desired signal 


11)Adjust VconI (or specified PquI- 
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MHW607 Series 


PIN 


NO. 6l 
Q2 


R.F. 


IN 


=t=C1 


j<> 


u 
I1. 
IJ' 


03 


VCONTROL 
+ 7.0 Vdc 


(11 250 mA 


(TYPICAL) 


«Q Q5 


^ 


v 


Vs1.VS2 
+ 7.5 Vdc 


(ii 
145 mA 


(TYPICAL) 


ZL, 


t 


Vs3 
+ 7.5 Vdc 


61 1.75 A 


(TYPICAL) 


Q6 


0 


R.F. 


OUT 


10 dB 


ATTENUATOR 


SIGNAL 


GENERATOR 


CI — 0.018 nf Chip 
C2. C3. C4, C5 — 0.1 ,iF 
C6, C7, C8 — 1.0 iif Tantalum 
Ll. L2. L3. L4 —0.2/iH 
Z1.Z2 —SOU Microstrip 


50 
OHM 


LOAD 


Rgure 1. Power Module Test 
System Block Diagram 


TYPICAL CHARACTERISTICS 
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Figure 2. Control Voltage, Efficiency and VSWR 
versus Frequency 
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Figure 3. Output Power versus Control Voltage 
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MHW607 Series 


TYPICAL CHARACTERISTICS 
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Rgure 4. Output Power versus Frequency 
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Rgure 6. Output Power versus Case Temperature 
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Rgure 5. Control Voltage versus Case Temperature 
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Rgure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 


MOTOROLA RF DEVICE DATA 


5-105 


MHW607 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 
All electrical specifications are based on the nominal 
conditions of Vsl = VS2 = Vs3 = 7.5 Vdc (Pins 2, 4, 5) 
and Pout equal to 7.0 watts. With these conditions, max 
imum current density on any device is 1.5 x 10^ A'cm2 
and maximum die temperature with 100°Ccase operating 
temperature is 165°C. While the modules are designed to 
have excess gain margin with ruggedness, operation of 
these units outside the limits of published specifications 
is not recommended unless prior communications 
regarding intended use have been made with the factory 
representative. 


GAIN CONTROL 


The module output should be limited to 7.0 watts. 
The preferred method of power output control is to fix 
vs1 
= vs2 = vs3 " 7-5 vdc (Pins 2, 4, 5), Pjn (Pin 1) 
at 1.0 mW, and vary Vcont (Pin 3) voltage. 


DECOUPLING 


Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3, 4 and 5 are internally 
bypassed with a 0.018 nf chip capacitor which is effective 
for frequencies from 5,0 
MHz through 174 MHz. For 
bypassing frequencies below 5.0 MHz, networks equiv 
alent to that shown in Figure 1 are recommended. Inad 
equate decoupling will result in spurious outputs at cer 
tain operating frequencies and certain phase angles of 
input and output VSWR. 


Figure 8. Test Fixture Assembly 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vsi = VS2 
= VS3 equal to 9.0 Vdc, VSWR equal to 20:1, and output 
power equal to 8.0 watts. 


_l 
I 


Note: The Printed Circuit Board shown is 75% of the original. 


Figure 9. Photomaster For Test Fixture 
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MOTOROLA 
SEMICONDUCTOR w—a^mm^mmmmi 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifier 


... designed for 7.5 Volt UHF power amplifier applications in industrial and commercial 
equipment primarily hand portable radios. 


• 
MHW703 450-460 MHz 
• Specified 7.5 Volt Characteristics 
RF Input Power = 2.0 mW (3.0 dBm) 
RF Output Power = 2.3 Watts 
Minimum Gain (Vrjontrol = 5-8 V) = 30-6 dB 
Harmonics = -40 dBc Max la 2 f0 
• 50 fl Input'Output Impedance 
• Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature - 25°C) 


MHW703 


2.3 W 
— 450 to 460 MHz 
UHF POWER 
AMPLIFIER 


CASE 301J-02, STYLE 2 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage (Pin 2) 
VS1 
5.7 
Vdc 


DC Supply Voltage (Pins 4,5,6) 
vs2,3,4 
9.0 
Vdc 


DC Control Voltage (Pin 3) 
vCont 
5.8 
Vdc 


RF Input Power 
Pin 
4.0 
mW 


RFOutput Power (Vsi = 5.7 Vdc. VS2 = VS3 = Vs4 = 9.0 Vdc) 
pout 
3.0 
W 


Operating Case Temperature Range 
TC 
-25 to +100 
°C 


Storage Temperature Range 
Tstg 
25 to - 100 
c 


ELECTRICAL CHARACTERISTICS Vsl = 5.6Vdc, (Pin 2),Vs2 = Vs3 = Vs4 = 7.2Vdc, (Pins 4.5.6). TC = 25°C, 50 Si System 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW703 


— 
450 
460 
MHz 
Control Voltage (Pout 
2.3W, Pin = 2.0mW)!1' 
vCont 
0 
5.8 
Vdc 


Leakage Current 
(vs1 B VS2 = VCont = 0. Vs3 = Vs4 = 9.0 Vdc. Pin = 0 mW) 


— 
0.2 
mA 


Power Gain (Pout = 2.3 W. VCont - 5.8 Vdc) 
Gp 
30.6 
— 
dB 
Efficiency (Pout = 2.3 W, Pin 
2.0 mW)C> 
') 
38 
— 
% 
Harmonics (Pout = 2.3Wd> 
2 f0 
(Pjn = 2.0 mW) 


— 
— 
-40 
dBc 


Input VSWR (Pout - 2.3 W, Pin = 2.0 mW), 50 i! Ref.0> 


— 
— 
2.0:1 
— 
Control Current (Vs1 - 5.7Vdc, Vs2 = Vs3 = Vs4 - 7.2Vdc, Pjn - 2.0mW|l'l 


- 
— 
65 
mA 
Load Mismatch (Vsi = 5.6 Vdc, Vs2 -- Vs3 = Vs4 
9.0 Vdc) 
VSWR = x. Pout = 2.3W,Pin = 3.0mWH) 
No Degradation 
in Power Output 


Stability (Pjn • 1.0-3.0 mW, Vsi - 5.0 Vdc, Vs2 = Vs3 
Vs4 - 6.0-9.0 Vdc) 
Pout between 2.0 mWand 2.3 wC> 
Load VSWR = 6:1, All Phase Angles 


All spurious outputs 
more than 60 dB 
below desired signal 


Regulated Supply First Stage Quiescent Current 
(Vs1 = 5.6 V) 
'SI(q) 
— 
40 
mA 


1)Adjust Vcom '°r specified Pout. 
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MHW703 


Z1, Z2 = 50 Ohm Microstrip 
C1-C7 = 0.018 mF 
C8, C9 = 3.3 mF 
L1-L5 = 0.2 nH 


Rgure 1. Power Module Test System 
Block Diagram 


TYPICAL CHARACTERISTICS 
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Rgure 2. Control Voltage, Efficiency and 
VSWR versus Frequency 
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Rgure 3. Output Power versus Control Voltage 
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t±±± 
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452 
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Rgure 4. Output Power versus Frequency 


MHW703 


TYPICAL CHARACTERISTICS. 
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Rgure 5. Control Voltage versus Case Temperature 
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Rgure 6. Output Power versus Case Temperature 
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Rgure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 
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MHW703 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vs-| = 5.6 Vdc (Pin 2), VS2 = VS3 = Vs4 = 
7.2 Vdc (Pins 4, 5, 6) and Pout equal to 2.3 watts. With 
these conditions, maximum current density on any 
device is 1.5 x 10^ A/cm2. While the modules are 
designed to have excess gain margin with ruggedness, 
operation of these units outside the limits of published 
specifications is not recommended unless prior com 
munications regarding intended use have been made 
with the factory representative. 


GAIN CONTROL 


The module output should be limited to 2.3 watts. The 
preferred method of power output control is to fix Vsi 
= 5.6 Vdc (Pin 2), Vs2 = Vs3 = Vs4 = 7.2 Vdc (Pins 4, 
5,6), Pjn (Pin 1)at 2.0 mW,and vary Vcont (Pin3)voltage. 


DECOUPLING 
Due to the high gain of the four stages and the module 
size limitations, external decoupling networks require 
careful consideration. Pins 2, 3, 5 and 6 are internally 
bypassed with a 0.018 mFchip capacitor which is effective 
for frequencies from 5.0 MHz through 940 MHz. For 
bypassing frequencies below 5.0 MHz, networks equiv 
alent to that shown in Figure 1 are recommended. Inad 
equate decoupling will result in spurious outputs at cer 
tain operating frequencies and certain phase angles of 
input and output VSWR. 


INPUT 


Figure 8. Test Fixture Assembly 


LOAD MISMATCH 
During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vsi 
5.6Vdc, VS2 = VS3 = Vs4equal to 9.0 Vdc,VSWR equal 
to x, and output power equal to 2.3 watts. 


OUTPUT 


SCALE 1:1 


Figure 9. Photomaster For Test Fixture 
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The RF Line 
UHF Power Amplifiers 


... designed for 7.5 Volt UHF power amplifier applications in industrial and com 
mercial equipment primarily hand portable radios. 


• 
MHW707-1 403-440 MHz 
• 
MHW707-2 440-470 MHz 
• 
Specified 7.5 Volt Characteristics 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 7.0 Watts 
Minimum Gain (Vcontrol = 7-° v) = 38.5 dB 
Harmonics = -40 dBc Max (a 2 f0 
• 
50 fl Input/Output Impedance 
• 
Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature 
25 C) 


MHW707 
Series 


7.0 W — 403 to 470 MHz 
UHF POWER 
AMPLIFIERS 


CASE 301J-02, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage (Pins 2,4.5,6) 
vs1,2.3.4 
y.o 
Vdc 


DC Control Voltage (Pin 3) 
VCont 
7.0 
Vdc 


RF Input Power 
Pin 
3.0 
mW 


RF Output Power (Vs1 = Vs2 = Vs3 = Vs4 = 9.0 Vdc) 
Pout 
9.0 
W 


Operating Case Temperature Range 
TC 
- 30 to + 80 
C 


Storage Temperature Range 
Tstg 
- 30 to 
+ 80 
C 


ELECTRICAL CHARACTERISTICS Vs1 = Vs2 = Vs3 = Vs4 = 7.5 Vdc, (Pins 2.4,5,6). TC = 25X, 50 S!System 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW707-1 
MHW707-2 


— 
403 
440 
440 
470 
MHz 


ControlVoltage (Pout 
7.0 W. Pin = 1.0 mW)H) 
vCont 
0 
7.0 
Vdc 


Quiescent Current 
(Vsi " Vs2 = Vs3 = Vs4 = 7.5 Vdc. Pin = 0 mW. VCont = 0 Vdc) 


— 
150 
mA 


Power Gain (Pout = 7.0 W. VCont = 7.0 Vdc) 
Gp 
38.5 
— 
dB 
Efficiency (Pout - 7.0 W, Pin = 1.0 mW)H> 
1 
40 
- 
°= 
Harmonics (Pou, = 7.0 W)<U 
2 f0 
(Pin -- 1.0 mW) 


— 
— 
-40 
dBc 


InputVSWR (Pout = 7.0W,Pin = 1.0mW), 50(I Ref.'1) 


- 
— 
2.0:1 
— 
Control Current (Vs1 = Vs2 = Vs3 = Vs4 = 7.5 Vdc, P,n - 1.0mW)<1) 
— 
— 
95 
mA 


Load Mismatch (Vs1 = Vs2 = Vs3 = Vs4 = 9.0 Vdc) 
VSWR = 10:1, Pout 
9.0W.Pin = 3.0 mWl'l 
No Degradation 
in Power Output 


Stability (Pin - 1.0-3.0 mW. Vsl 
Vs2 - Vs3 = Vs4 = 6.0-9.0 Vdc) 
POUI between 1.0Wand 9.0 w(') 
Load VSWR 
8:1, All Phase Angles 


All spurious outputs 
more than 60 dB 
below desired signal 


(1) Adjust Vcont 'or specified Pout- 
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MHW707 Series 


rL>—D> 


61 
02 
63 
64 
05 
6 6 
7 6 


TESTRXTURE 
m, 
m, 


0"* 


t 
t 
VCONTROL 
Vsi + Vs2 
+7 Vdc 
+75 Vdc 
•h 


t 
Vs3 + Vs4 
+ 7.5 Vdc 


J 


10 dB 


ATTENUATOR 
Z1.Z2-50 n MICROSTRIP 
C1-C7- 0.018 (if 
C8.C9—SZfiF 


SIGNAL 
L1-L5-0.2/xH 


GENERATOR 


Rgure 1 Power Module Test System 
Block Diagram 


TYPICAL CHARACTERISTICS 
(MHW707-1) 
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Rgure 3. Output Power versus Control Voltage 
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Rgure 2. Control Voltage, Efficiency and VSWR 
versus Frequency 
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MHW707 Series 


TYPICAL CHARACTERISTICS 
(MHW707-1) 


u 
I 
I 
I 
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8 


'Cont 


mW 
= 7 Vdc 


6 
\'•1 = 's2 = Vs3 = Vs4 = 6 Vdc 


4 


7 


1 
6 
i5 
5 
4 


•- 


o 
•> 


o? 
2 


410 
420 
430 
f, FREQUENCY (MHz) 


Figure 4. Output Power versus Frequency 
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Figure 5. Control Voltage versus Case Temperature 
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Rgure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 


TYPICAL CHARACTERISTICS 
(MHW707-2) 
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Rgure 8. Output Power versus Case Temperature 
at Maximum Control Voltage 
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Rgure 9. Control Voltage, Efficiency and VSWR 
versus Frequency 
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MHW707 Series 


TYPICAL CHARACTERISTICS 
(MHW707-2) 
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Figure 10. Output Power versus Control Voltage 
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Rgure 11. Output Power versus Frequency 
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Rgure 12. Control Voltage versus Case Temperature 
Rgure 13. Output Power versus Case Temperature 


MOTOROLA RF DEVICE DATA 


5-114 


MHW707 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vsi 
= VS2 = Vs3 = VS4 = 7.5 Vdc (Pins 
2, 4, 5, 6) and Pout equal to 7.0 watts. With these con 
ditions, maximum current density on any device is 1.5 
x 105 A/cm*. While the modules are designed to have 
excess gain margin with 
ruggedness, operation 
of 
these units outside the limits of published specifica 
tions is not recommended unless prior communica 
tions regarding intended use have been made with the 
factory representative. 


GAIN CONTROL 


The module output should be limited to 7.0 watts. 
The preferred method of power output control is to fix 
Vs1 = VS2 = Vs3 = Vs4 = 7.5 Vdc (Pins 2, 4, 5, 6), Pjn 
(Pin 1) at 1.0 mW, and vary Vcont (Pin 3) voltage. 


DECOUPLING 


Due to the high gain of the four stages and the module 
size 
limitation, external decoupling 
networks require 
careful consideration. Pins 2, 3, 5 and 6 are internally 
bypassed with a 0.018 /iF chip capacitor which is effective 
for frequencies from 5.0 MHz through 940 MHz. 
For 
bypassing frequencies below 5.0 MHz, networks equiv 
alent to that shown in Figure 1 are recommended. Inad 
equate decoupling will result in spurious outputs at cer 
tain operating frequencies and certain phase angles of 
input and output VSWR. 


INPUT 


Figure 14. Test Fixture Assembly 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vsi = VS2 
vs3 = vs4 equal t0 9-° Vdc' VSWR equal to 20:1, and 
output power equal to 8.0 watts. 


OUTPUT 


Note: The Printed Circuit Board shown is 75°o of the original 


Figure 15. Photomaster For Test Fixture 


MOTOROLA RF DEVICE DATA 


5-115 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


UHF POWER AMPLIFIERS 


. . . designed for 12.5 volt 
UHF power amplifier applications in 
industrial and commercial FM equipment operating from 400 to 
512 MHz. 


• 
Specified 12.5 Volt. UHF Characteristics — 


Output Power = 7.5 Watts 
Minimum Gain = 18.8 dB 
Harmonics = 40 dB 


• 
50 11 Input/Output Impedance 


• 
Guaranteed Stability and Ruggedness 


• 
Gain Control Pin for Manual or Automatic Output Level Control 


• 
Thin-Film Hybrid Construction Gives Consistent Performance 
and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Vollages 
Vs. Vsc 
155 
Vdc 


RF Input Power 
Pin 
250 
mW 


RF Oulput Power(@ Vs = Vsc = 12.5 V) 
pout 
10 
W 


Operating Case Temperature Range 
TC 
-30to>100 
"C 


Storage Temperature Range 
Tstq 
-40 to ^-100 
;c 


MOTOROLA RF DEVICE DATA 


5-116 


GlT 


MHW709-1 
MHW709-2 
MHW709-3 


7.5 W- 400-512 MHz 


RF POWER 
AMPLIFIERS 


P'I-q |+Umaic»t®|5®|»«|rl 


STYLE1: 
PIN I RFOUTPUT 
2. GROUND 
3 DC.TERMINAL 
• GROUND 
5 D.C.GAIN 
6 GROUND 
7. Rf INPUT 


NOTES: 
1 MOUNTING HOLES WITHIN 0 I3MM100O5I DIA OF 
TRUEPOSITIONATSEATING PLANEAT 
MAXIMUM MATERIAL CONDITION. 
2. DIMENSIONING ANDTOLERANCNG PERANSI 
Y14.5M.1982 
3 CONTROLLING DIMENSION: INCH. 


DIM 
MIN 


::•••> 


VAX 
!,'.'. 
VAX 


.'. 
'•"• 
2.640 1 2660 


5 
'-•-.• 
:.•:••: 


c 
8 SI 
914 
::•:; 
:: 


E 
2» 
292 
:•:•: 
:••• 


6109 BSC 
2 4C5ESC 


H 
4183 
4SH 
1885 
1915 


1016 
11 11 
:;:•: 
:--: 


K 
762 
•;:•: 


.:•;.: 
1.785 


•:•:: 
3*5 
0136 
0146 


R 
2082 
uno 
:•:: 
0670 
:< 
'• 


U 
1232 
1308 
>4o 
• 
••• 


V 
1064 
::;; 
0*16 


<70 
5*6 
0185 
0215 


< 
:••: 
; .-." 
9.085 
:••-. 


CASE 700-04 


MHW709-1, MHW709-2, MHW709-3 


ELECTRICALCHARACTERISTICS (V8 and Vacset * 12.5Vdc.Ta = 25°C, 50 fl system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW709-1 
MHW709-2 
MHW709-3 


• 
— 
400 
440 
470 


440 
470 
512 


MHz 


Input Power (Pout = 7.5 W) 
Pin 


— 
100 
mW 


Power Gain 
Go 
18.8 
— 
dB 


Efficiency (Pout = 7.5 W) 
i) 
35 
— 
% 


Harmonics (Pout = 7.5 W, Reference) 
— 
— 
-40 
dB 


Input Impedance (P0ut = 7.5 W, 50 fl Reference) 
Zin 


— 
2:1 
VSWR 


Power Degradation (Pout - 7.5 W, Tc = 25*C, Reference) 
(Tc = 0°Cto 60°C) 
(Tq •= -30X to 80°C) 


^ 


- 
0.3 
0.7 


dB 


Load Mismatch 
(VSWR = », V8 = V8C = 15.5 Vdc, Pout = 10 W) 


— 
No degradation in Pout 


Stability 
1. (Pjn = 30 to 150 mW, Load Mismatch = 2:1,50 n Reference, 
V8 = Vsc = 3.0 to 15.5 Vdc) 
2. <V8 = 12.5 Vdc, V8C adjusted for Pout = 5.0 to 10 W, Pjn = 100 mW, 
Load Mismatch = 4:1, 50 fl Reference, note Vsc-sVg) 


All spurious outputs 
more than 70 dB 
below desired signal 


Standby Current (Pjn = 0) 
'sc(a) 
— 
| 
10 
| 
mA 


Pin 7 


10 dB J 


Z1 


MICROLAB/ FXR AD 10N 


Signal 
IGenerator 


FIGURE 1 — UHF POWER AMPLIFIER TEST SETUP 


MHW709 BLOCK DIAGRAM 


Pin 4 
*" 
APin2 


Srs. 
-i 
** 


Pin 1 


C3 J.C6 "C7 
Z2 


MHW709 Text Fixture Schematic 


Z1, Z2 SOn Microstrtpline 
C2, C3 0.1 i*FCeramic 
Ll, L2 Ferroxcube VK200-20/4B 
C7 47 f*F Tantalum, 25 V 
C1, C4, C5, C6 1.0 tf Tantalum 25 V 


NOTE: No Internal D.C. blocking on input pin. 


MOTOROLA RF DEVICE DATA 


5-117 


>-e-i 
50 
4- fl Ohm 
U Load 


MHW709-1, MHW709-2, MHW709-3 


TYPICAL PERFORMANCE CURVES 


(MHW709-2) 


FIGURE 2 - 
INPUT POWER. EFFICIENCY, AND 
VSWR versus FREQUENCY 
FIGURE 3 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - 
OUTPUT POWER versus VOLTAGE 
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FIGURE 6- GAIN CONTROL CURRENT versus VOLTAGE 
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FIGURE 5 
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FIGURE 7 - 
TEST CIRCUIT 


MOTOROLA RF DEVICE DATA 


5-118 


«"W*09^W709-2, MHW709-3 


t 


APPLICATIONS INFORMATION 


Nomina/ Operation 
All electrical specifications are based on the nominal 
conditions of Vsc (Pin 5) and Vs (Pin 3) equal to 12.5 
Vdc and with output power equaling 7.5 watts. With 
these conditions, maximum current density on any de 
vice is 1.5 x IO5A/cm2and maximumdie temperature 
with 100° base plate temperature is 165°.While the mod 
ules are designed to have excess gain margin with rug 
gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 
The intent of these gain control methods is to set the 
nominal Pout* Do not use them for wide range gain 
control. 
In general, the module output power should be lim 
ited to 10 watts. The preferred method of power output 
control is to fix both V8C and Vs at 12.5 Vdc and vary 
the input RF drive level at Pin 7. The next method is to 
control Vgc through a stiff voltage source. 
A third method of power output control is to control 
Vsc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 
Dueto the highgainofthe threestages andthe mod 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 /iFchip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networksequivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an 
gles of input and output VSWRless than 3:1. 


Load Pull 
During final test, each module is "load pull" tested in 
a fixture having the identical decoupling network de 
scribed in Figure 1. Electrical conditions are Vs and Vsc 
equal 15.5 Voutput, VSWR infinite, output power equal 
to 10 watts. 


Mounting Considerations 
To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


RGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Input Line 
Width - 0.085"; p;'n 7 
Pin5 


Body Clearance 
for 4-40 Screw 


Pin 3 
Pin 1 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031" 
«r = 2.56 


Output Line 
Width = 0.085" 


Mount board and module on 1/2" thick aluminum block for 
heat sinking and electrical ground. Pins 2,4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


UHF POWER AMPLIFIERS 


...designed for 
12.5 volt 
UHF power amplifier applications in 
industrial 
and 
commercial 
FM 
equipment 
operating 
from 
400 


to 512 MHz. 


• 
Specified 12.5 Volt. UHF Characteristics - 
Output Power = 13 Watts 


Minimum Gain = 19.4 dB 


Harmonics = 40 dB 


• 
50 Q Input/Output Impedance 


• 
Guaranteed Stability and Ruggedness 


• 
Gain Control Pin for Manual or Automatic Output Level Control 


• 
Thin Film Hybrid Construction Gives Consistent Performance 
and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
vs.vsc 
15.5 
Vdc 


RF Input Power 
Pin 
250 
mW 
RFOutput Power (@ Vs = Vsc = 12.5 V) 
pout 
15 
W 


Operating Case Temperature Range 
TC 
-30 to +100 
•C 


Storage Temperature Range 
Tstq 
-40 to +100 
"C 


ELECTRICAL CHARACTERISTICS 
(Vs and Vsc set at 12.5 Vdc, Ta = 25'C, 50 fl system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW710-1 
MHW710-2 
MHW710-3 


" 


400 
440 
470 


440 
470 
512 


MHz 


Input Power (Pout = 13 W) 
Pin 


— 
150 
mW 


Power Gain 
Gp 
19.4 
— 
dB 


Efficiency (Pout = 13 W) 
1 
35 
— 
% 


Harmonics (Pout = 13 W, Reference) 
— 
— 
-40 
dB 


Input Impedance (Pout = 13 W, 50 0 Reference) 
Zin 


— 
2:1 
VSWR 


Power Degradation (Pout • 
13 W, Tc = 25°C, 
Reference) 
(Tc - 0°C to 60°C) 
(TC = -30=Cto80°C) 


- 
0.3 
0.7 


(IB 


Load Mismatch 
(VSWR = *, Vs = 15.5 Vdc, Pout = 16.5 W) 


— 
No degradation 
in Pout 


Stability 
1. (Pjn = 50 to 200 mW, Load Mismatch = 4:1, 
50 0 reference, Vs = Vsc = 8.0 to 15.5 Vdc) 
2. (Vs = 12.5 Vdc, Vsc adjusted for Pout = 5.0 
to 15 W, P|n = 150 mW. Load Mismatch 
= 4:1, 50 n reference, note Vsc « Vs) 


All spurious outputs 
more than 70 dB 
below desired signal 


MOTOROLA RF DEVICE DATA 


5-120 


MHW710-1 
MHW710-2 
MHW710-3 


13W 
400-512MHz 


RF POWER 
AMPLIFIERS 


o k|«aijB«i®|s®[»®rrl 


snui: 
PINI 
RfOUTPUT 


2. GROUND 
3DCTHUWW. 
4 GROUND 
5 DC GAM 


6 GR0UN0 
7 RF INPUT 


NOTES: 
1. MOUNTING HOLES WITHIN 0.13MM 10005)DMOf 
TRUEPOSITION ATSEATING PLANEAT 
MAXIMUM MATERIAL CONDITION. 
2. DIMENSIONING ANDTOLERANONG PERANSI 
Y14.5M,1982. 
3 CONTROLLING BMENSON: INCH 


(KM 
WUHETBH 
INCHES 


M'N 
MAX 
MW 
MAX 


A 
uec 
B 
5295 
.• :j: 


C 
851 
514 
0 335 
tvo 


E 
254 
292 
••:•: 
F 
2.16 


G 
BSC 
2405 BSC 
H 
4768 
1885 
J 
io.it 
11.18 
0 4:.; 
: 143 


K 
585 
762 
::;: 
: :•:•: 


L 
45 34 
4610 
1785 
1815 


N 
4::; 
:• 
. 
•Ui 


0 
346 
3 70 
; •-•: 
0.146 
R 
2032 
:::; 


s 
1702 I 1752 
0690 
U 
••: 
• 
0495 
0S15 


V 
978 
•:•;.: 
::.:: 
0415 


••• 
.: ,'j 
5.46 
0 1:5 
:;••: 


* 
216 
: -•: 
:•:••: 
::•; 


CASE 700-04 


MHW710-1, MHW710-2, MHW710-3 


APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the nominal 
conditions of Vsc (Pin 5) and Va (Pin 3) equal to 12.5 
Vdc and with output power equaling 13 watts. With 
these conditions, maximum current density on any de 
viceis 1.5 x 105A/cm2andmaximumdietemperature 
with 100°base plate temperature is 165s.While the mod 
ules are designed to have excess gain margin with rug 
gedness, operation of these units outside the limits of 
published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 
The intent of these gain control methods is to set the 
nominal P0ut- Do not use them for wide range gain 
control. 
In general, the module output power should be lim 
ited to 10 watts. The preferred method of power output 
control is to fix both Vsc and V3 at 12.5 Vdc and vary 
the input RF drive level at Pin 7. The next method is to 
control Vsc through a stiff voltage source. 
A third method of power output control is to control 
Vsc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 
Due to the high gain of the three stages and the mod 
ule size limitation, external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 fiF chip capacitor effective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an 
gles of input and output VSWR less than 3:1. 


Load Pull 
During final test, each module is "load pull" tested in 
a fixture having the identical decoupling network de 
scribed in Figure 1. Electrical conditions are Vs and Vsc 
equal 15.5 V output, VSWR infinite, output power equal 
to 16.5 watts. 


Mounting Considerations 
To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


RGURE 1 — UHF POWER AMPLIFIER TEST SETUP 
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J MICROLAB/ FXRAD ION 
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[Generator 


MHW710 BLOCK DIAGRAM 


Pin 4 
j^ 
Pin 1 


%3TC6^C7 


MHW710 Text Fixture Schematic 


Z1, Z2 50 O Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
C1, C4, C5, C6 1.0 mFTantalum 25 V 


C2, C3 0.1 fxF Ceramic 
C7 47 nF Tantalum, 25 V 


NOTE: No Internal O.C.blocking on input pin. 


MOTOROLA RF DEVICE DATA 


5-121 


MHW710-1, MHW710-2, MHW710-3 


TYPICAL PERFORMANCE CURVES 


(MHW710-2I 


FIGURE 2 - INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY 
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FIGURE 4 - 
OUTPUT POWER versus VOLTAGE 


50 


45 
>- 


40 
g 


u. 
35 " 


2.0:1 


1.5:11 


1.0.1 
500 


440 io 470 MHz 
P,nieilor 13W 
Pout »l 125 V 


12 
13 
V. VOLTAGE IV, = Vjc) 


FIGURE 3 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 5 - 
OUTPUT POWER versus GAIN 
CONTROL VOLTAGE 
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FIGURE 6 - 
GAIN CONTROL CURRENT vertut VOLTAGE 
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MOTOROLA RF DEVICE DATA 


5-122 


Input Line 
Width = 0.085" 
Pi'n 7 
Pi'n 5 


MHW710-1, MHW710-2, MHW710-3 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
for 4-40 Screw 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031" 
er = 2.56 


Output Line 
Width 
= 
0.085" 


Mount board and module on 1/2" thick aluminum block for 
heat sinking and electrical ground. Pins 2. 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module hoal sink. 


MOTOROLA RF DEVICE DATA 


5-123 


MOTOROLA 
SEMICONDUCTOR i^^hh^ 
TECHNICAL DATA 


The RF Line 


UHF POWER AMPLIFIERS 


...designed 
for 
12.5 volt 
UHF 
power amplifier applications in 
industrial and commercial 
FM equipment operating from 400 to 


470 MHz. 


• 
Specified 12.5 Volt, UHF Characteristics - 
Output Power = 20 Watts 


Minimum Gain = 21 dB 


Harmonics = 40 dB 


• 
50 Q Input/Output Impedance 


• 
Guaranteed Stability and Ruggedness 


• 
Gain Control Pin for Manual or Automatic Output 


Level Control 


• 
Thin Film Hybrid Construction Gives Consistent 
Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
vs.vsc 
15.5 
V.lc 


RF Input Power 
Pin 
2lG 
mW 


RF Output Power (rVi Vs = Vsc = 12.5 V) 
Pout 
25 
W 


Operating Case Temperature Range 
TC 
-30 to +100 
:C 


Storage Temperature Range 
Tstg 
-40 to -100 
°C 


ELECTRICAL CHARACTERISTICS 
(Vsand Vscset at 12.5Vdc, Ta = 25°C. 50 li system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW720-1 
MHW720-2 


— 
400 
440 


440 


470 


MHz 


Input Power (Pout = 20 W) 
Pin 
— 
150 
mW 


Power Gain 
Gp 
21 
— 
dB 


Efficiency (Pout = 20 W) 
n 
35 
- 
% 


Harmonics (P0ut = 20 w- Reference) 


— 
— 
40 
dB 


Input Impedance (Pout = 20 W. 50 II Reference) 
Zin 


— 
2:1 
VSWR 


Power Degradation (Pout = 20 W. Tq = 25°C, 
Reference) 
(Tc = 0'C to 60°C) 
(TC = - 30°C to 80°C) 


- 


0.3 
0.7 


dB 


Load Mismatch 
(VSWR - x, Vs = 15.5 Vdc, Pout - 30 W) 


— 
No degradation 
in pout 


Stability 
1. (Pin = 50 to 200 mW, Load Mismatch = 2:1, 
50 11 reference, Vs = Vsc = 8.0 to 15.5 Vdc) 
2. (Vs = 12.5 Vdc, Vsc adjusted for Pout = 5.0 
to 20 W, Pjn = 150 mW, Load Mismatch 
= 2:1, 50 0 reference, note Vsc < Vs) 


All spurious outputs 
more than 70 dB 
below desired signal 


MOTOROLA RF DEVICE DATA 


5-124 


MHW720-1 
MHW720-2 


20 W 
400-470 MHz 


RF POWER 
AMPLIFIERS 


I" 
° 
*jP"!-o[TT«aiioigiei|S»U(9|t| 
lift. 
M" 


STYLEI. 
P,N1.Rf OUTPUT 
1. GROUND 
idctermnal 


4 GROUND 
5 OC GAN 


6 GROUND 
7. RFINPUT 


NOTES: 
I. MOUNTING MOLES WITHIN 013MM(0005)DIAOf 
TRUEPOSITION ATSEATING PLANEAT 
MAXIMUM MATERIAL CONDITION 
2 DIMENSIONING ANDT0LERANCING PERANSI 
Y11.SM.1962 
J 
CONTROLLING DIMENSION: INCH. 


DIM 


WILLI' ETERS 


VAX 
wc 


Mi.N 


IES 


VAX 


A 
• ::- 
-:?:• 
:•'•:: 
2.660 
B 
5182 
5295 
:::: 


c 
651 
0-360 


E 
254 
2.92 
:••:•- 
0115 


F 
216 
0085 
0.115 


G 
BSC 
:::b=SC 


H 
1685 
1315 


J 
1015 
11.11 
: 
::••: 
04M 


K 
5J5 
762 
DM30 
0 900 


L 
••: ••• 
4610 
• •'.[, 


N 
:•; 
4102 
!••; 
1615 


0 
?:• 
370 
:••••: 


R 
:::•: 
2062 
--••: 
:;:: 


S 
i:\- 
1752 
0690 


u 
12 •: 
13 Ch 
0 515 


V 
10.54 
... 
::v. 


w 
470 
-.:• 
::•-: 


X 
216 
292 
JL» 
: ••: 


CASE 700-04 


MHW720-1, MHW720-2 


APPLICATIONS INFORMATION 


Nominal Operation 
Allelectrical specifications are based on the nominal 
conditions of Vsc (Pin 5) and Vs (Pin 3) equal to 12.5 
Vdc and with output power equaling 20 watts. With 
these conditions, maximum current density on any de 
vice is 1.5 x 105 A/cm2 and maximum die temperature 
with 100°base plate temperature is 165°.While the mod 
ules are designed to have excess gain margin with rug 
gedness, operation of these units outside the limitsof 
published specifications is not recommended unless 
priorcommunications regarding intended use has been 
made with the factory representative. 


Gain Control 
The intent of these gain control methods is to set the 
nominal P0ut- Do not use tnem for wide range gain 
control. 
In general, the module output power should be lim 
ited to 20 watts. The preferred method of power output 
control is to fix both Vsc and V8 at 12.5 Vdc and vary 
the input RFdrive level at Pin 7. The next method is to 
control Vsc through a stiff voltage source. 
A third method of power output control is to control 
Vsc through a current source or voltage source with 
series resistance. This mode of control creates a region 
of negative slope on the power gain profile curve and 
aggravates output power slump with temperature. 


Decoupling 
Dueto the high gain of the three stages and the mod 
ule size limitation,external decoupling network requires 
careful consideration. Both Pins 3 and 5 are internally 
bypassed with a 0.018 nf chip capacitoreffective for 
frequencies from 5 through 512 MHz. For bypassing 
frequencies below 5 MHz, networksequivalentto that 
shown in the test figure schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an 
gles of input and output VSWR less than 3:1. 


Load Pull 
Duringfinal test, each module is "load pull" tested in 
a fixture having the identical decoupling network de 
scribed in Figure 1. Electrical conditions are Vs and Vsc 
equal 15.5Voutput, VSWR infinite, output power equal 
to 30 watts. 


Mounting Considerations 
To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


RGURE 1 — UHF POWER AMPLIFIER TEST SETUP 


Pen 7 


10 dB J" 


MICROLAB/ FXR AD 10N 


Signal 
IGenerator 


MHW720 BLOCK DIAGRAM 


Pin 4 
3^ 


X3j.C6irC7 


C4 


Pin 1 


Z2 


•MHW720 Text Fixture Schematic 


Z1, Z2 50 tt Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
CI, C4, C5, C6 1.0 /iF Tantalum 25 V 


C2, C3 0.1 itF Ceramic 
C7 47 itF Tantalum, 25 V 


NOTE: No Internal D.C. blocking on input pin. 


MOTOROLA RF DEVICE DATA 


5-125 


>-e-n 
50 
4- fl Ohm 
U Load 


MHW720-1, MHW720-2 


TYPICAL PERFORMANCE CURVES 
(MHW720-2I 


FIGURE 2 - 
INPUT POWER, EFFICIENCY, AND 
VSWR versus FREQUENCY 
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FIGURE 3 - OUTPUT POWER versus INPUT POWER 
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FIGURE 4 - OUTPUT POWER versus VOLTAGE 
FIGURE 5 - 
OUTPUT POWER versus GAIN 
CONTROL VOLTAGE 
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FIGURE 6 - 
GAIN CONTROL CURRENT versus VOLTAGE 
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MOTOROLA RF DEVICE DATA 


5-126 


Input Line 
Width = 0.085 


MHW720-1,MHW720-2 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
for 4-40 Screw 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031" 
«r = 2.56 


Output Line 
Width = 0.085" 


Mount board and module on 1/2" thick aluminum block for 
hoat sinking and electrical ground. Pins 2, 4 and 6 are not 
directly connected lo ground in this test fixture. Ground is 
provided through module heat sink. 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


UHF POWER AMPLIFIERS 


... capable of wide power range control as encountered in UHF 
cellular telephone applications. 


• 
MHW720A1 400-440 MHz 


• 
MHW720A2 440-470 MHz 


• Specified 12.5 Volt, UHF Characteristics — 
Output Power = 20 Watts 
Minimum Gain 
= 
21 
dB 
Harmonics = -40 dB (Max) 


• 
50 11 Input/Output Impedance 


• 
Guaranteed Stability and Ruggedness 


• 
Epoxy Glass PCB Construction Gives Consistent 
Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
Vs1-Vs2 
15.5 
Vdc 


RF Input Power 
Pin 
250 
mW 


RF Output Power (r<; Vs1 = Vs2 -- 12.5 V) 
pout 
25 
W 


Operating Case Temperature Range 
TC 
-30 to -100 
CC 


Storage Temperature Range 
Tstq 
-40 to +100 
'C 


ELECTRICAL CHARACTERISTICS 
(Vsi and VS2 set at 12.5 Vdc, Trj = 25°C, 50 fl system unless otherwise noted) 


Characteristic 


Frequency Range 


Input Power (Pout = 20 W) 


Power Gain (Pout = 20 W) 


Efficiency (Pout = 20 W) 


MHW720A1 
MHW720A2 


Harmonics (PQut = 20 w- Reference) 


Input Impedance (P0Ul = 20 W, 50 fi Reference) 


Gain Degradation (2) (Pout = 20 W, Reference 
Gain @ Tc = + 25°C) 
Tc = -30°C 
Tq = + 80°C 


Load Mismatch 
(VSWR = x, Vsi = Vs2 = 15.5 Vdc, Pout = 
30 W) 


Stability (Pjn = 0 to 250 mW, Vs1 = Vs2 = 10 
to 15.5 Vdc) 
1. Load VSWR = 4:1, 50 n Reference 
2. Source VSWR = 2:1, 50 fl Reference 


Quiescent Current 
(IS1 No RF Drive Applied) 


Symbol 


•si <P) 


(2) See Figure 5, Input Power versus Case Temperature 


400 
440 


35 


440 
470 


— 
-0.7 


— 
-0.7 


Unit 


MHz 


dB 


dB 


VSWR 


dB 


No degradation in P0UI 


All spurious outputs 
more than 60 dB 
below desired signal 


200 
mA 


MOTOROLA RF DEVICE DATA 
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MHW720A1 
MHW720A2 


20 W 400-470 MHz 


RF POWER 
AMPLIFIERS 


I 
.;::! 
•••• 
.;•...; 


STYLE2: 
PIN I. RF OUTPUT 
2. GROUND 
1V»2 
; ;=:.•.: 
5.VH 
6 GROUND 
JRf INPUT 


NOUS: 
1. MOUNTING HOLESWITHIN 013MMI0 0061DIAOf 
TRUEPOSITION ATSEATINGPLANE AT 


MAXIMUM MATERIAL CONDITION. 


1. DIMENSIONINGAND T0LERANONG PER ANSI 
Y14.5M.1982. 
3. CONTROLLING DIMENSION: INCH 


CM 
m:lumeters 
'.: H?S 
V, 
MAX 
MM 
MAX 


A 
(70S 
6766 
2640 
2660 


B 
SI 82 
6255 
JK0 


c 
851 
914 


E 
254 
292 
0100 
0115 


F 
216 
262 
0OS6 
: lis 


G 
61.09 BSC 
2405 BSC 


H 
4788 
4864 
1885 


J 
1016 
1118 
0400 
0440 


K 
l 
762 
0230 


I 
4534 1 4610 
••: 
1815 


;::•: 
" 
:•; 
1285 
1615 


0 
346 
3 70 
0136 
0146 


R 
20 32 
20 87 
0800 
0820 


S 
17.02 
17 52 
0670 


U 
1308 
MK 
0515 


V 
9 78 
10.64 
0385 
0415 


w 
».« 
0215 


X 
216 
0085 
0115 


CASE 700-04 


MHW720A1, MHW720A2 


APPLICATIONS INFORMATION 


Nominal Operation 
Ailelectrical specifications are based on the nominal 
conditions of Vsi (Pin 5) and VS2 (Pin 3) equal to 12.5 
Vdc and with output power equaling 20 watts. With 
these conditions, maximum current density on any de 
viceis 1.5x IO5 A/cm2 and maximumdie temperature 
with 100" base plate temperature is 165°. While the 
modules are designed to have excess gain margin with 
ruggedness, operation of these units outside the limits 
of published specifications is not recommended unless 
prior communications regarding intended use has been 
made with the factory representative. 


Gain Control 
This module is designed for wide range Pout level 
control. The recommended method of power output 
control, as shown in Figure 3, is to fix Vsi and VS2at 
12.5 Vdc and vary the input RF drive level at Pin 7., 
In all applications, the module oufput power should 
be limited to 20 watts. 


Decoupling 
Due to the high gain of the three stages and the mod 
ule size limitation, the external decoupling network re 
quires careful consideration. Both Pins 3 and 5 are in 
ternally bypassed with a 0.018 nF chip capacitor effective 


for frequencies from 5 through 470 MHz. For bypassing 
frequencies below 5 MHz, networks equivalent to that 
shown in the test fixture schematic are recommended. 
Inadequate decoupling will result in spurious outputs 
at certain operating frequencies and certain phase an 
gles of input and output VSWR less than 4:1. 


Load Mismatch 
During final test, each module is load mismatch 
tested in a fixture having the identical decoupling net 
work described in Figure 1. Electrical conditions are Vs-| 
and VS2 equal 15.5 V, load VSWR infinite, and output 
power equal to 30 watts. 


Mounting Considerations 
To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be 
neath the module flange should be flat to within 0.005 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


RGURE 1 — UHF POWER AMPLIFIER TEST SETUP 


Pin 7 


10 dB 
Z1 


MICROLAB/ FXR AD ION 


Signal 
IGenerator 


MHW720A BLOCK DIAGRAM 


Pin 4 
Pin1 


Z2 


MHW720A Text Fixture Schematic 


Z1, Z2 50 n Microstripline 
L1, L2 Ferroxcube VK20O-20/4B 
C1, C4, C5, C6 1.0 aiF Tantalum 25 V 


C2, C3 0.1 ttF Ceramic 
C7 47 tif Tantalum, 25 V 


NOTE: No Internal D.C. blocking on input pin. 
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J-e-i 
50 
4- r| Ohm 
U Load 


MHW720A1, MHW720A2 


RGURE 2 — INPUTPOWER, EFRCIENCY. AND 
VSWR versus FREOUENCY 
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RGURE 3 — OUTPUT POWER versus INPUT POWER 
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RGURE 4 — OUTPUT POWER versus VOLTAGE 


PinSetforPout = 20W 
@Vs1 =Vj2= 12.5Vdc' 
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/470 MHz 


RGURE 5 — INPUT POWER versus CASE TEMPERATURE 
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RGURE 6 — OUTPUT POWER versus 
CASE TEMPERATURE @ 10.8 V SUPPLY 
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Input Line 
Width = 0.085" 
pfn 7 
Pi'n 5 
Pin 3 
Pi'n , 


MHW720A1, MHW720A2 


FIGURE 7 — TEST CIRCUIT 


FIGURE 8 — UHF POWER AMPLIFIER TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Body Clearance 
for 4-40 Screw 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Teflon Glass Board 
t= 0.031" 
<r = 2.56 


Output Line 
Width = 0.085" 


NOTE: 
Mount board and modulo on 1/2" thick aluminum block for 
heat sinking and electrical ground. Pins 2, 4 and 6 are not 
direclly connected to ground in this tost fixture. Ground is 
providod through modulo hoat sink. 


MOTOROLA RF DEVICE DATA 


5-131 


MOTOROLA 
SEMICONDUCTOR ^••hiihh 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifiers 


... capable of wide power range control as encountered in portable cellular 
radio applications (30 dB typical). 


• 
High Efficiency 
• Smallest Size in Industry 


• 
MHW801-1 and MHW851-1 820-850 MHz 


• 
MHW801-2 and MHW851-2 870-905 MHz 


• 
MHW801-3 and MHW851-3 890-915 MHz 


• 
MHW801-4 and MHW851-4 915-925 MHz 
• 
Specified 6.0 Volt Characteristics 
RF Input Power = 1.0 mW (0 dBm) 
RF Output Power = 1.6 Watts (MHW801-1,-2,-4 and MHW851-1.-2.-4) 


= 2.0 Watts (MHW801-3 and MHW851-3) 
Minimum Gain (Vcontrol = 3.5 v' = 32 dB (MHW801-1,-2,-4and MHW851-1.-2.-4) 
<vControl = 3.5 V) = 33 dB (MHW801-3 and MHW851-3) 
Harmonics = -45 dBc Max (u 2.0 f0 
• 
50 i! Input Output Impedance 
• Guaranteed Stability and Ruggedness 
• 
Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25C) 


MHW801 
MHW851 
Series 


1.6 W —820-925 MHz 


RF POWER 
AMPLIFIERS 


CASE 413-01, STYLE 1 


MHW801 SERIES 


CASE 301N-01. STYLE 1 
MHW851 SERIES 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage (Pins 2, 3. 4) 
vs1.2,3 
7.5 
Vdc 


DC Control Voltage (Pin 1) 
vCont 
4.0 
Vdc 


RF Input Power 
Pin 
3.0 
mW 


RF Outpul Powei Vsl 
Vs2 
Vs3 
7 5 V 
pout 
3.0 
'.'. 


Operating Case Temperature Range 
TC 
-30 to -100 
C 


Storage Temperature Range 
Tstg 
30 to 
• 100 
C 


ELECTRICAL CHARACTERISTICS(Vs1 = Vs2 = VS3 = 6.0 Vdc, (Pins 2. 3, 4), Tc 
25:C, 50 i! System) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW801-1 and MHW851-1 
MHW801-2 and MHW851-2 
MHW801-3 and MHW851-3 
MHW801-4 and MHW851-4 


820 
870 
890 
915 


850 
905 
915 
925 


MHz 


Control Voltage (Pou, - 1.6W, Pin 
1.0 mW)n)(3) 
Vcont 
0 
3.5 
Vdc 


Quiescent Current (Vsi.Pin 2 • 6.0Vdc)'2' 
'sl(q) 
— 
65 
mA 


PowerGain(Pout - 1.6W, Vc0nt = 3.5Vdc)<3> MHW801/851-1.-2.-4 
(Pout 
2.0 W, VCont = 3.5 Vdc) 
MHW801 851-3 
Gp 
32 
33 


— 
dB 


Efficiency (Pout = 1.6W. Pln = 1.0mW)(D(3> 
1 
45 
- 
% 


111 Adjust Vcont for specified Poul. 
(2) Vcont • 0 Vdc. 
131 pout 
" 2.0 waits for MHW801-3 and MHW851-3 only. 


MOTOROLA RF DEVICE DATA 


5-132 


MHW801, MHW851 Series 


ELECTRICAL CHARACTERISTICS— continued (Vsl = Vs2 = Vs3 = 6.0Vdc, (Pins2, 3, 4),TC = 25°C, 50 » System) 


Characteristic 
Symbol 
Min 
Max 
Unit 


Harmonics (Pout = 1.6W)0)<3) 
2.0f0 
(Pin = 1.0 mW) 
3.0 f0 


— 


— 
-45 
-55 
dBc 


Input VSWR (Pout = 1-6 W. Pjn = 1.0mW). 5011 Ref.UlP) 
- 
- 
2.0:1 
—: 


Noise Power 30 kHz Bandwidth, 45 MHz, above f0 
(Pout = 1.6W)dH3) tC = +25X 
(Pin = 1.0 mW) 
TC = +100X 


- 
-85 
-82 


dBm 


Load Mismatch (Vs1 = Vs2 = Vs3 = 7.5 Vdc) 
VSWR = 10:1, Pout = 3.0W, Pin = 3.0 mW)(D 
No Degradation 
in Power Output 


Stability (Pjn = 0.5-2.0 mW, Vs1 = Vs2 = V^ = 4.8-7.5 Vdc 
Poutbetween 0 mW and 1.6wtHO) 
Load VSWR = 6:1, Source VSWR = 3:1) 


All spurious outputs 
more than 60 dB 
below desired signal 


(1) Adjust VCOnt 'or specified Pout- 
<2>VCont = OVdc. 
(3) Pout - 2.0 watts for MHW801-851-3 only. 


VCONTROL 
V|1 
Vs2 
Vs3 
+ 4 Vdc 
+ 6 Vdc 
+ 6 Vdc 
+ 6 Vdc 
(a 100mA 
(a 80 mA 
(ii 80 mA 
(u 380mA<H 
(TYPICAL) 
(TYPICAL) 
(TYPICAL) 


C1.C2- 0.018nf CHIP 
C3.C5, C7—0.1 MF 


(TYPICAL) 


C4, C6, C8, C9-1 pFTANTALUM 
(1)480 mA 
Ll, L2. L3, L4—0.15/uH 
21.Z2 — 50 tt MICROSTRIP 


Figure 1. Power Module Test System Block Diagram 
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50 


OHM 


LOAD^ 


MHW801, MHW851 Series 


TYPICAL CHARACTERISTICS 


MHW801/851-1 and MHW801/851-2 
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Rgure 2. Control Voltage, Efficiency and Input 
VSWR versus Frequency 
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Figure 4. Output Power versus Frequency 
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Figure 6. Output Power versus Case Temperature 
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Figure 3. Output Power versus Control Voltage 
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MHW801, MHW851 Series 


TYPICAL CHARACTERISTICS (continued) 


MHW801/851-3 and MHW801/851-4 


a. 
3 


' 
—4— 
VCONT 
*""- 


Pin = lm N 
•31 
51-4) 
dc 


p0ut= 2W(MHW801;85 
Pout = l.6W(MHW801i8 
VS1 = Vs2 = Vs3 = 6V 
| | 
VSWR 


55 
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Figure 8. Control Voltage, Efficiency and VSWR 
versus Frequency 


Pin = 1mW 
-VcONT = 3Vdc(MHW80V851-3) 
VCONT = 4VdclMHW801/851-4| 


850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 


f, FREQUENCY (MHz) 


Figure 10. Output Power versus Frequency 
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Figure 12. Output Power versus Case Temperature 
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Figure 9. Output Power versus Control Voltage 
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Figure 11. Control Voltage versus Case Temperature 
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Figure 13. Output Power versus Case Temperature 
at Maximum Control Voltage 
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MHW801, MHW851 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vs1 - Vs2 - Vs3 = 6.0 Vdc (Pins 2, 3, 4). 
With these conditions, maximum current density on any 
device is 1.5 x 105 A-'cm2 and maximum dietemperature 
with 100 C case operating temperature is 165 C. While 
the modules are designed to have excess gain margin 
with ruggedness, operation of these units outside the 
limits of published specifications is not recommended 
unless prior communications regarding intended use 
have been made with the factory representative. 


GAIN CONTROL 


The module output should be limited to specified value. 
The preferred method of power output control is to fix 
Vsi = vs2 = Vs3 = 6.0 Vdc (Pins 2, 3, 4), Pin (Pin 1) at 
1 mW, and vary Vc0nt (pin D voltage. 


DECOUPLING 
Due to the high gain of the three stages and the module 
size limitation, external decoupling networks require 
careful consideration. Pins 2, 3 and 4 are internally 
bypassed with a 0.018 /iF chip capacitor which is effective 
for frequencies from 5 MHz through 940 MHz. For bypass 
ing frequencies below 5 MHz,networks equivalent to that 
shown in Figure 1 are recommended. Inadequate decou 
pling will result in spurious outputs at certain operating 
frequencies and certain phase angles of input and output 
VSWR. 


MOUNTING CONSIDERATIONS 
Forthe MHW801 Series module, mounting is generally 
accomplished by soldering the flange to a suitable heat 
sink. This can be done with a low temperature solder 
such as 52% In, 48% Sn and type "R" Flux which liquifies 
below 150'C. Under no circumstances should the 
MHW801 Series modules be heated to a temperature 
greater than 
165 C. Internal construction of the module 
has been achieved using 36% Tin, 62% lead, 2% silver 
solder which liquifies at 179-180 C. 


Figure 14. Test Fixture Assembly 


Also remember that the modules are NOT hermetic. 
Do not immerse a module in a flux cleaning solution or 
other liquids under any circumstances. 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vsi = VS2 
VS3equal to 7.5 Vdc, VSWR equal to 10:1, and output 
power equal to 3 watts. 


SCALE 1:1 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


. 


The RF Line 
UHF Power Amplifiers 


... capable of wide power range control as encounteredin portablecellular 
applications (30 dB typical). 


• 
MHW803-1 820-850 MHz 


• 
MHW803-2 806-870 MHz 
• 
MHW803-3 870-905 MHz 
• Specified 7.5 Volt Characteristics 
RF Input Power = 1 mW (0 dBm) 
RF Output Power = 2 Watts 
Minimum Gain (Vcontrol = 4 V) = 33 dB 
Harmonics * -45 dBc Max @ 2 f0 
• 
50 11 Input'Output Impedance 
• Guaranteed Stability and Ruggedness 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


radio 


MHW803 
Series 


2 W — 806 to 905 MHz 
UHF POWER 
AMPLIFIERS 


CASE 301E-04, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage (Pins 2,3,4) 
vs1,2,3 
10 
Vdc 


DC Control Voltage (Pin 1) 
VCont 
4 
Vdc 


RF Input Power 
Pin 
3 
mW 


RFOutput Power (Vs1 = Vs2 = Vs3 - 10 V) 
Pout 
3 
W 


Operating Case Temperature Range 
TC 
-30 to +100 
c 


Storage Temperature Range 
Tstg 
-30 to +100 
•c 


ELECTRICAL CHARACTERISTICS Vs1 = Vs2 = Vs3 
7.5 Vdc, (Pins 2.3.4), Tc - 25;C. 50 fi System 


Characteristic 
Symbol 
Min 
Max 
Unit 


Frequency Range 
MHW803-1 
MHW803-2 


MHW803-3 


820 
806 
870 


850 
870 
905 


MHz 


Control Voltage (Pout = 2W.Pin 
1 mW)'1) 
vCont 
0 
4 
Vdc 


Quiescent Current (Vsi. Pin 2 = 7.5Vdc)'2' 
IsKq] 
- 
65 
mA 


Power Gain (Pout = 2 W, Vc0nt = 4 vdc' 
Gp 
33 
— 
dB 


Efficiency (Pout = 2 W, Pin = 1 mW)d) 
'1 
37 


- 
% 


Harmonics (Pout • 2W)H) 
2 f0 
(Pin - 
1 mW) 
3 f0 


— 
— 
-45 
-55 
dBc 


Input VSWR (Pout - 2 W, Pin = 1 mW), 50 (1 Ref.(1) 
- 
— 
2.0:1 
— 


Noise power 30 kHz Bandwidth, 45 MHz, above fo 
(Pout • 2W)(D 
TC = +25X 
(Pjn = 1 mW) 
Tc = +100°C 


- 
- 
-85 
-82 
dBm 
dBm 


Load Mismatch (Vsi = Vs2 = VS3 = 10 Vdc) 
VSWR - 10:1, Pout = 3 W,Pjn 
3 mW)l'l 


No Degradation 
in Power Output 


Stability (Pin = 0.5-2 mW. Vs1 = Vs2 = Vs3 = 6-9 Vdc) 
Pout between 0 mW and2w'1) 
Load VSWR = 6:1, Source VSWR • 
3:1) 


All spurious outputs 
more than 60 dB 
below desired signal 


(1) Adjust Vcom for specilied P0UI. 
12) VCont • 0 Vdc. 


MOTOROLA RF DEVICE DATA 


5-137 


2 
2 


MHW803 Series 


vcontrol 
vs1 
+ 4 Vdc 
+7.5 Vdc 
(5 100/tA 
<E120mA 
(TYPICAL) 
(TYPICAL) 
I*> 


Vs2 
+ 7.5 Vdc 
(5 100 mA 


(TYPICAL) 


10 dB 


ATTENUATOR 


SIGNAL 


GENERATOR 


CI,C2-0.018 mFCHIP 
C3,C5,C7-0.1mF 
C4.C6, C8.C9—IfiFTANTALUM 
L1,L2.L3,L4-0.15mH 
Z1.Z2- 50 n MICROSTRIP 


Rgure 1. Power Module Test System 
Block Diagram 


TYPICAL CHARACTERISTICS 
(MHW803-1.-2) 
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Rgure 2. Control Voltage, Efficiency and VSWR 
versus Frequency 
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Figure 3. Output Power versus Control Voltage 
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MHW803 Series 


TYPICAL CHARACTERISTICS 
(MHW803-1.-2) 


4 
Pin'= 1mV\ 


I 
3 
cc 
g 


VfJw,-41/dc 
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V, 
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i 
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Rgure 4. Output Power versus Frequency 
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Rgure 6. Output Power versus Case Temperature 
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Rgure S. Control Voltage versus Case Temperature 
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Rgure 7. Output Power versus Case Temperature 
at Maximum Control Voltage 


TYPICAL CHARACTERISTICS 
(MHW803-3) 
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Rgure 8. Control Voltage, Efficiency and VSWR 
versus Frequency 
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MHW803 Series 


TYPICAL CHARACTERISTICS 
(MHW803-3) 


Pin = 
mW 
"Cont = 4 Vdc 


Vrl = Vs2 = V,i = 7.5Vdc _ 


VS1 = Vo = \'s3 = >Vdc_ 


900 
920 
f, FREQUENCY (MHz) 
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Rgure 10. Output Power versus Frequency 
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Figure 11. Control Voltage versus Case Temperature 
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Rgure 13. Output Power versus Case Temperature 
at Maximum Control Voltage 


MOTOROLA RF DEVICE DATA 


5-140 


MHW803 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the nominal 
conditions of Vsi = VS2 = VS3 = 7.5 Vdc (Pins 2, 3, 4) 
and Pout equal to 2 watts. With these conditions, maxi 
mum current density on any device is 1.5 x 10^ A/cm2 
and maximum die temperature with 100°C case operating 
temperature is 165°C. While the modules are designed to 
have excess gain margin with ruggedness, operation of 
these units outside the limits of published specifications 
is not recommended unless prior communications 
regarding intended use have been made with the factory 
representative. 


GAIN CONTROL 
The module output should be limited to 2 watts. The 
preferred method of power output control is to fix Vsi 
= VS2 = Vs3 = 7.5 Vdc (Pins 2, 3, 4), Pjn (Pin 1) at 
1 mW, and vary Vcont (pin 1' voltage. 


DECOUPLING 
Due to the high gain of the three stages and the module 
size limitation, external decoupling networks 
require 
careful 
consideration. 
Pins 
2, 
3 and 
4 are internally 
bypassed with a 0.018/iF chip capacitor which is effective 
for frequencies from 5 MHzthrough 905 MHz. For bypass 
ing frequencies below 5 MHz,networks equivalent to that 
shown in Figure 1 are recommended. Inadequate decou 
pling will result in spurious outputs at certain operating 
frequencies and certain phase angles of input and output 


VSWR. 


(% 
/ 


Figure 14. Test Fixture Assembly 


LOAD MISMATCH 


During final test, each module is load mismatch tested 
in a fixture having the identical decoupling networks 
described in Figure 1. Electrical conditions are Vsi = VS2 
= VS3 equal to 10 Vdc, VSWR equal to 10:1, and output 
power equal to 3 watts. 


PIN NUMBERS 
12 
3 4 
5 


I 
I 
I 


NOTE: The Printed Circuit Board shown is 75% of the original 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifiers 


... designed for 12.5 Volt UHF power amplifier applications in industrial and commercial 
FM equipment operating from 806 to 950 MHz. 


• 
MHW806A1 
820-850 MHz 
MHW806A2 
806-870 MHz 
MHW806A3 
890-915 MHz 
MHW806A4 
870-950 MHz 
• Specified 12.5 Volt, UHF Characteristics 
Output Power 
= 6 Watts 
Minimum Gain = 23 dB (MHW806A1.2) 
= 21.7 dB (MHW806A3.4) 
Harmonics 
= -42 dBc Max (2f0) 
= -60 dBc Max (3f0 and Higher) 
• 
50 £2 Input/Output Impedances 
• Guaranteed Stability and Ruggedness 
• Features Three Common-Emitter Gain Stages 
• 
Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 
• 
Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 
• Controllable, Stable Performance Over More Than 35 dB Range in Output Power 


MAXIMUM RATINGS 


MHW806A 
SERIES 


HIGH GAIN RF POWER 
AMPLIFIERS 


6 WATTS 
806-950 MHz 


CASE 301H-03. STYLE 2 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
Vsi 
16 
Vdc 


RF Input Power 
Pin 
80 
mW 


RF Output Power 
pout 
7.5 
W 


Storage Temperature Range 
Tstg 
30 io 
- 100 
c 


Operating Case Temperature Range 
TC 
-30 to +100 
°c 


DC Control Voltage 
vCont 
12.5 
Vdc 


ELECTRICAL CHARACTERISTICS (Flange Temperature = 25*C, 50 !2 system, and Vsi = 12.5 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
MHW806A1 
MHW806A2 
MHW806A3 
MHW806A4 


BW 
820 
806 
890 
870 


- 


850 
870 
915 
950 


MHz 


Power Gain 
MHW806A1.2 
(VCont = 12-5Vdc, Pout = 6 W) 
MHW806A3.4 
Gp 
23 
21.7 
24 
22.7 


— 
dB 


Efficiency (1) 
(Pout = 6 W) 


V 
30 
35 


— 
% 


Harmonic Output (1) 
2f0 
<pout = 6 W Reference) 
3f0 and Higher 


— 


— 
— 
-42 
-60 
dBc 


Input VSWR (1) 
(pout " 6 W, 50 S!Reference. Reflected Signal Filtered to 
Eliminate Harmonic Content) 


2:1 


(1)Pln 
30 mW (MHW806A1.2) or Pin - 40 mW(MHW806A3.4), adjusl VConl *°r specified Pout. 
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(continued) 


MHW806A Series 


ELECTRICAL CHARACTERISTICS — continued 
(FlangeTemperature - 25°C, 50 ft system, and Vsi - 12.5V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Degradation (-30 to +80°C) (1) 
(Reference Pout = 6 W @ Tc = 25°C) 


— 
— 
— 
1.7 
dB 


Load Mismatch Stress (1) 
(V8i = 16 Vdc, Pout = 7.5 W, VSWR = 30:1, 
all phase angles) 
No degradation in Power Output 


Stability (Pjn = 0 to 30 mW, [MHW806A1.2] or 0 to 40 mW 
[MHW806A3,4|, Vs1 = 10 to 16 Vdc, Vcont = 0 to 12.5 Vdc, 
Load VSWR = 4:1, Pout Max = 7.5 W) (2) 


All spurious outputs 2=70dB below 
desired output signal level 


Quiescent Current @ Vsi = 12.5 V,Vc0nt = 0 V 
dCont w'th no RF drive applied) 
•sl(q) 
— 
— 
1 
mA 


Control Voltage 
Pin = 30 mW {MHW806A1.2), 
Pjn = 40 mW (MHW806A3.4) 
Pout = 6W 
VCont= 12-5V 


VCont 
0 
9 
12.5 
Vdc 


Control Current 
•Cont 
0 
155 
225 
mA 


(1)Pin = 30 mW (MHW806A1.2) or Pj„ = 40 mW (MHWB06A3.4) adjust VCont'<" specified I 
(2)Combination of Pjn. V8i, and Vcontcan not exceed max Pout = 7.5 W. 


INPUT* 
REFLECTED 
POWER 
POWER 
METER 
METER 
V 
-V 


20 dB DUALDIRECTIONAL 
COUPLER 
HS 


MHW806A INTERNAL DIAGRAM 
^H>H>H>*-' 


19 
ITT 


C1 
C2 
C3 


RF 


INPUT 
VCont 
0-12.5 Vdc 


0.1S5A 
(NOMINAL) 


36 


XXX 
ITT 
C4 
C5 
C6 


TEST 


FIXTURE 


DIAGRAM 


Vsi 
+ 12.5 Vdc 
@ 1.25A 


(NOMINAL) 


RF 


OUTPUT 


10 dB 
RF SIGNAL 


MINIMUM 
GENERATOR 


ATTENUATION 


Z1,Z2-50 n MICROSTRIP 
CI,C4—1/iF 
C2.C5—0.1 p.F 
C3.C6-0.018 mF 


'Module input power is forward power as sampled by the directional 
coupler and read on the input power meter. 


Figure 1. UHF Power Amplifier Test System Diagram 
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OUTPUT 


POWER 
SPECTRUM 


METER 
ANALYZER 
-7 
0 


20 dB 


ATTENUATOR 


20 dB DUALDIRECTIONAL 


COUPLER 


-vw- 


POWER 


TERMINATION 


MHW806A Series 


MHW806A1, A2 


16 


14 


= 
12 


Vsi 
1 
= 125Vdc 


VCo it -m Vdc 


800 MHz 
1 
890 MHz 


+40 


+30 


p 
1 
n = 0.03W 


• 
i 
i 
37.78 dBm (6W)^ 


v ,! = +12.5Vdc 
/ 
*\ 


irj 
7 


890 MHz 
'800 MHz 
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i- +20 


I 
6 
J 4 


I 
6 
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Figure 2. Output Power versus Input Power 
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Figure 3. Output Power versus Gain Control Voltage 
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Figure 4. Output Power versus Case Temperature 
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Figure 5. Output Power versus Frequency 
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MHW806A Series 


MHW806A3, A4 
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Rgure 8. Output Power versus Input Power 
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Rgure 9. Output Power versus Gain Control Voltage 
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Figure 11. Output Power versus Frequency 
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MHW806A Series 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the following 
nominal conditions: (P0ijt = 6 W, Vs-| = 12.5 Vdc). This 
module is designed to have excess gain margin with rug 
gedness, but operation outside the limits of the published 
specifications is not recommended unless prior com 
munications regarding the intended use have been made 
with a factory representative. 


Gain Control 


In general, the module output power should be limited 
to 7.5 watts. The preferred method of power output con 
trol is to fix Vsi at 12.5 volts, set RF drive level and vary 
the control voltage from 0 to 12.5 Volts. As designed, the 
module exhibits a gain control range greater than 35 dB 
using the method described above. 


RF 


INPUT 


(LINE WIDTH = 0.177 


Top View 


Cross Section View 
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Bring capacitor leads through fiberglass board and solder to 
Vsi and Vcont lines as close t0 module as possible. 


Figure 15. Test Fixture Construction 


Figure 14. Test Fixture Assembly 


Decoupling 


Due to the high gain of each of the three stages and 
the module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are inter 
nally bypassed with a 0.018 /iF chip capacitor which is 
effective for frequencies from 5 MHz through 960 MHz. 
For bypassing frequencies below 5 MHz, networks equiv 
alent to that shown in the test fixture schematic are rec 
ommended. Inadequate decoupling will result in spu 
rious outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


Load Mismatch Stress 


During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling net 
work described in Figure 1. Electrical conditions are Vs-| 
equal to 16 volts, load VSWR 30:1 and output power 
equal to 7.5 watts. 


Mounting Considerations 


To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicone thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly beneath 
the module flange should be flat to within 0.0015 inch. 
For more information on module mounting, see EB-107. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifiers 


.. . designed specifically for mobile cellular radio applications. The MHW807 Series 
amplifiers are capable of wide power range control, operate from a 12 volt supply and 
require only 1.0 mW of RF input power. 


• 
MHW807-1 820 to 850 MHz 
MHW807-2 870 to 905 MHz 
• Specified 12.5 Volt Characteristics: 
RF Input Power — 1.0 mW (0 dBm) 
RF Output Power — 6.0 W 
Minimum Gain — 37.8 dB 
Harmonics 
25 dBc Max (ft 2.0 f0 
-45 dBc Max (ft 3.0 f0 
• 
50 Ohm Input Output Impedances 
• Guaranteed Stability and Ruggedness 
• Controllable, Stable Performance Over More Than 35 dB Range in Output Power 
• 
Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 


MAXIMUM RATINGS 


MHW807 
Series 


6.0 W — 820 to 905 MHz 
HIGH GAIN 


RF POWER AMPLIFIERS 


CASE 301L-02, STYLE 2 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
Vsl 
Vs3 


9.0 


16 


Vdc 


RF Input Power 
Pin 
3.0 
mW 


RF Output Power 
pout 
7.5 
W 


Operating Case Temperature Range 
TC 
- 30 to 
-100 
C 


Storage Temperature Range 
Tstg 
-30 to 
- 100 
•c 


DC Control Voltage 
vCont 
9.0 
Vdc 


ELECTRICAL CHARACTERISTICS (Tc 
i 25'C, 50 ohm system, unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
MHW807-1 
MHW807-2 


BW 
820 
870 


— 
8 CO 
905 
MHz 


Power Gain (1) (Vs1 = 8.0 Vdc; Vs3 = 12.5 Vdc) 
Gp 
37.8 
38.5 
- 
dB 


Efficiency (1) (Vs1 - 8.0 Vdc; Vs3 = 12.5 Vdc; Pout = 6.0 W) 
1 
35 
38 
— 
% 


Harmonic Output (1) (Pout = 6.0 W Reference) 
2.0 f0 
3.0 f0 


— 
— 
-25 


-15 
dBc 


Input VSWR(1) (Pou, - 6.0 W, Harmonics Filtered From Pre() 
VSWRjn 


— 
- 
2.5:1 
— 


Power Slump at Decreased Voltage (1) (Tc = 80 C) 
(Vs1 = 8.0 Vdc. Vs3 = lOVdc. VCont 
: 0 to 9.0 Vdc) 


— 
3.0 
— 
— 
W 


Load Mismatch Stress (1) (Vs1 = 8.0 Vdc, Vs3 = 16 Vdc, Pou, - 7.0 W) 
* 
No Degradation in Output Power 


Stability (2) (Vsl 
8.0 Vdc, Vs3 
10 to 16 Vdc; Pjn = 0.5 to 2.0 mW; 
Pout (Max) - 7.5 W; Load VSWR 
4:1. All Phase Angles 


— 
All spurious outputs more than 
60 dB below desired signal 


Quiescent Current (ls3 With No Drive Applied) 
(Vs3 = 12.5 Vdc; Vs1 - Vcont 
0 Vdc) 
>s3 
— 
— 
1.0 
mA 


Control Voltage Slope 
(Vsl = 8.0 Vdc. Vs3 - 12.5 Vdc. VCont = 0 to 9.0 Vdc, P|n 
1.0 mW) 


— 
— 
— 
5.0 
mV.'dB 


11)Pin • 1.0 mW. Adjust V(;onI for specified P0UI. 
12)Combination of Pi„. Vs) and Vc,0nt cannot exceed max P0ul 
7.5 W. 
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MHW807 Series 


CI.C2,C3 = 0.018 nf CHIP 
C4.C5.C6 = 2.2mFTANTALUM 
L1.L2 = 0.29nH 
L3 = 0.2mH 
Z1,22 = 50II MICROSTRIP 


VS3 
10-16 Vdc 


1.1 A 


(TYPICAL) 


Figure 1. UHF Power Module Test System Diagram 
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MHW807 Series 


TYPICAL CHARACTERISTICS 
(MHW807-1) 
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Figure 3. Gain Control Voltage versus 
Case Temperature 
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MHW807 Series 


TYPICAL CHARACTERISTICS 
(MHW807-2) 
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Rgure 8. Output Power versus Input Power 
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Rgure 10. Output Power versus Case Temperature 
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MHW807 Series 


APPLICATIONS INFORMATION 


NOMINAL OPERATION 


All electrical specifications are based on the following 
nominal conditions: (P0ut • 6.0 W, Vsi - 8.0 Vdc, 
vCont = 0-9.0 Vdc, Vs3 - 12.5 Vdc, Tq = 25"C). This 
module is designed to have excess gain margin with rug 
gedness, but operation outside the limits of the published 
specifications is not recommended unless prior com 
munications regarding the intended use have been made 
with a factory representative. 


GAIN CONTROL 


In general, the module output power should be limited 
to 7.5 watts. The preferred method of power output con 
trol is to fix VS3 at 12.5 Vdc, Vs1at 8.0 Vdc, set RF drive 
level to 0 dBm and vary the control voltage from 0 to 
9.0 Volts. As designed, the module exhibits a gain control 
range greater than 35 dB using the method described 
above. 


DECOUPLING 


Due to the high gain of each of the five stages and the 
module size limitation, external decoupling 
networks 
require careful consideration. Pins 2,3 and 4 are internally 
bypassed with a 0.018 nF chip capacitor which is effective 
for frequencies from 5.0 MHz through 960 MHz. For 
bypassing frequencies below 5.0 MHz, networks equiv 
alent to that shown in the test fixture schematic are rec 
ommended. Inadequate decoupling will result in spu 
rious outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


LOAD MISMATCH STRESS 


During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling net 
works described in Figure 1. Electrical conditions are 
VS3 = 16 volts, Vs-| = 8.0 volts, output power equal to 
7.0 watts, load VSWR greater than 30:1. 


Figure 14. Test Fixture Assembly 


MOUNTING CONSIDERATIONS 


To insure optimum heat transfer from the flange to 
heatsink, use standard 4-40 mounting screws and an 
adequate quantity of silicone thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly beneath 
the module flange should be flat to within 0.0015 inch. 
For more information on module mounting, see EB107 D. 


Figure 15. Photomaster For Test Fixture 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
UHF Power Amplifier 


... designed for 13 Volt UHF power amplifier applications in industrial and commercial 
FM equipment operating from 890 to 915 MHz. 


• Specified 13 Volt, UHF Characteristics 
Output Power 
= 12 Watts 
Minimum Gain = 20.8 dB 
Harmonics 
= -42 dBc Max (2f0) 
-60 dBc Max (3f0 and Higher) 
• 
50 11Input-Output Impedances 
• Guaranteed Stability and Ruggedness 
• Features Three Common-Emitter Gain Stages 
• Epoxy Glass PCB Construction Gives Consistent Performance and Reliability 
• 
Gold-Metallized and Silicon Nitride-Passivated Transistor Chips 
• Controllable, Stable Performance Over More Than 35 dB Range in Output Power 


MAXIMUM RATINGS 


MHW812A3 


HIGH GAIN RF POWER 
AMPLIFIERS 
12 WATTS 
890-915 MHz 


CASE 301H-03. STYLE 2 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
VS1 
16 
Vdc 


RF Input Power 
Pin 
200 
mW 


RF Output Power 
pout 
15 
W 


Storage Temperature Range 
Tstg 
-30 to +100 
=C 


Operating Case Temperature Range 
Tc 
-30 to +100 
°C 


DC Control Voltage 
vCont 
12.5 
Vdc 


ELECTRICAL CHARACTERISTICS (Flange Temperature = 25=C. 50 11 system, and Vs1 = 13 V unless otherwise noted 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
870 


- 
950 
MHz 


Power Gain 
(Vcont = 12.5Vdc, Pou, - 12 W) 
Gp 
20.8 
21.5 


— 
dB 


Efficiency (1) 
(Pout = 12 W) 


V 
40 
45 
— 
% 


Harmonic Output (1) 
2fo 
(pout = 12W Reference) 
3f0 and Higher 


— 


— 
— 
-42 
-60 
dBc 


Input VSWR (1) 
<pout • 12 W, 50 !! Reference. Reflected Signal Filtered to 
Eliminate Harmonic Content) 


2:1 


(II P;n . 
100 mW; adjust Vc0nt ,or specified Pout. 
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MHW812A3 


ELECTRICAL CHARACTERISTICS — continued 
(Flange Temperature = 25°C, 50 11system, and Vsi = 13 V unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Power Degradation (-30 to + 80'C) (1) 
(Reference Pout = 12 W @ Tc = 25°C) 


— 
— 
— 
1.7 
dB 


Load Mismatch Stress (1) 
{V8l = 16 Vdc, Pout = 13 W, VSWR = 30:1, 
all phase angles) 


" 
No degradation in Power Output 


Stability (Pjn = 0 to 200 mW, Vs1 = 10 to 16 Vdc, 
vCont = 0 to 12.5 Vdc, Load VSWR = 4:1, 
Pout Max = 13 W) (2) 


All spurious outputs 2=70 dB below 
desired output signal level 


Quiescent Current @ Vcont = 12.5 V 
dCont with no RF drive applied) 
'Cont 
— 
— 
225 
mA 


Control Voltage 
Pin = 100 mW 
Pout = 12 W 
VCont= 12-5V 
VCont 
0 
9 
12.5 
Vdc 


Control Current 
'Cont 
0 
155 
225 
mA 


(1) Pin = 100 mW; adjust Vcont 'or specified Pout. 
(2)Combination of Pjn. Vsj, and Vcont can not exceed max Pout 
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Figure 1. UHFPower Amplifier Test System Diagram 
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TYPICAL CHARACTERISTICS 
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Rgure 4. Output Power versus Control Voltage 
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Rgure 3. Output Power versus Input Power 
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Rgure 5. Output Power versus Frequency 
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MHW812A3 


APPLICATIONS INFORMATION 


Nominal Operation 


All electrical specifications are based on the following 
nominal conditions: (P0U( - 12 W, Vsi = 13 Vdc). This 
module is designed to have excess gain margin with rug 
gedness, but operation outside the limits of the published 
specifications is not recommended unless prior com 
munications regarding the intended use have been made 
with a factory representative. 


Gain Control 


In general, the module output power should be limited 
to 13 watts. The preferred method of power output con 
trol is to fix Vsi at 13 volts, set RF drive level and vary 
the control voltage from 0 to 12.5 Volts. As designed, the 
module exhibits a gain control range greater than 35 dB 
using the method described above. 
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Figure 9. Test Fixture Construction 


Figure 8. Test Fixture Assembly 


Decoupling 


Due to the high gain of each of the three stages and 
the module size limitation, external decoupling networks 
require careful consideration. Both Pins 2 and 3 are inter 
nally bypassed with a 0.018 fiF chip capacitor which is 
effective for frequencies from 5 MHz through 960 MHz. 
For bypassing frequencies below 5 MHz, networks equiv 
alent to that shown in the test fixture schematic are rec 
ommended. Inadequate decoupling will result in spu 
rious outputs at specific operating frequencies and phase 
angles of input and output VSWR. 


Load Mismatch Stress 


During final test, each module is load mismatch stress 
tested in a fixture having the identical decoupling net 
work described in Figure 1. Electrical conditions are Vsi 
equal to 16 volts, load VSWR 30:1 and output power 
equal to 13 watts. 


Mounting Considerations 


To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicone thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly beneath 
the module flange should be flat to within 0.0015 inch. 
For more information on module mounting, see EB-107. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


UHF POWER AMPLIFIERS 


...designed for 12.5 volt UHF power amplifier applications in 
industrial and commercial FM equipment operating from 806 to 
950 MHz. 


• 
MHW820-1 
806-870 MHz 
MHW820-2 
806-890 MHz 
MHW820-3 
870-950 MHz 
• Specified 12.5 Volt, UHF Characteristics 
Output Power 
= 20 Watts (MHW820-1.2) 
= 18 Watts (MHW820-3) 
Minimum Gain = 19 dB (MHW820-1.2) 
= 17.1 dB (MHW820-3) 
Harmonics 
= -58 dBc Max 


• 
50 H Input/Output Impedances 


• Guaranteed Stability and Ruggedness 


• Features Three Common-Emitter Gain Stages 
• Thin-Film Hybrid Construction Gives Consistent Performance 
and Reliability 


• Gold-Metallized and Silicon Nitride-Passivated Transistor 
Chips 
• Controllable, Stable Performance Over More Than 30 dB 
Range in Output Power 


MAXIMUM RATINGS (Flange Temperature = 25°C) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
Vs1-Vs2.Vs3 
16 
Vdc 


RF Input Power (Pout^ 25 W) 
Pin 
400 
mW 


RF Output Power (Pin ^400 mW) 
pout 
25 
W 


Storage Temperature Range 
Tstg 
-30 to ♦ 100 
°C 


Operating Case Temperature Range 
Tc 
-40 to >100 
°C 
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MHW820-1 
MHW820-2 
MHW820-3 


18/20 W — 806-950 MHz 


RF POWER 
AMPLIFIERS 


t 


r—czi 


? 
=3K: 


STYLE 1: 
PIN 1. RFINPUT 


2. 
+ DC 
3. »DC 
i. -DC 
5. RF OUTPUT 


fl 
-Fl 


NOTES. 
1. DIMENSIONING AND10URANONG PERANSI 
V149M9& 
2. CONTROLLING DIMENSION. INCH. 
3. DIMENSION FTOCENTER OF LEADS. 


DIM 
M UUMETERS 
INCHES 
MM 
1 MAX 
M.N 
MAX 


A 
5563 
1 56.13 
2.190 
2210 


R 
3511 | 35.94 
1395 
1415 


C 
8.89 
9.55 
0350 
0376 


0 
046 
0.55 
0018 
0.022 
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305 1 3.42 
0.120 
0135 
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. .. £5C 
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oi6o esc 
:-.:-: es: 
1K0BSC 


H 
:: •:•: BSC 
••::•; 
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K 
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_ 
0225 1 - 


i? ••• 
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-•:=•: 
liOOBSC 


P 
021 
030 
ooos 
0.012 


381 
406 
: •-:: 
0160 


1753 
1955 
:••:•: 
0.770 


S 
1512 
1549 
0.595 
0610 


V 
17.71 BSC 
0 700 BSC 


X 
1270 BSC 
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CASE301G-03 


MHW820-1, MHW820-2, MHW820-3 


ELECTRICAL CHARACTERISTICS (Flange Temperature=25°C, 50n system, andVs1 =Vs2 =12.5 Vunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
MHW820-1 
MHW820-2 
MHW820-3 


BW 
806 
806 
870 


- 


870 
. 
830 
950 


MHz 


Input Power <Pout = 20 W) 
MHW820-1, 2 
(Pout = 18 W) 
MHW820-3 
Pin 
— 
200 
300 
250 
350 
mW 


PowerGain (Pout = 20 W) 
MHW820-1, 2 
(Pout = 18 W) 
MHW820-3 
Gp 
19 
17.1 
20 
"17:8 


— 
dB 


Efficiency (Pout = 20 W) 
MHW820-1, 2 
(Pout = 18 W) 
MHW820-3 


V 
28 
26 
32 
30 


— 
% 


Harmonic Output 
(Pout Reference = Rated P0ut' 


— 
— 
— 
-58 
dBc 


Input VSWR 
(pout = Rated Pout. 50 ft Reference) 


— 
— 
— 
2:1 
— 


Power Degradation (-30 to +80°C) 
(Reference Pout " Rated pout @ TC = 25°C) 


— 
— 
1.2 
1.7 
dB 


Load Mismatch Stress 
(V81 = V82 = Vs3 » 16 Vdc. Pout = 25 W, VSWR = 30:1, 
all phase angles) 


" 
No degradation in Power Output 


Stability (Pjn = 0 to 250 mW, (MHW820-1,2] or 350 mW 
IMHW820-3] consistent with max, Pout = 25 W, Vsi = 
Vs2 = V83 = 10 to 16 Vdc, Load VSWR = 4:1) 


All non-harmonic related spurious outputs 
> 70 dB below the desired output signal level 


Quiescent Current 
(IS1 with no RF drive applied) 
'sl(q) 
— 
— 
125 
mA 


FIGURE 1 — 806-960 MHz TEST SYSTEM DIAGRAM 


MHW820 Internal Diagram 
{> 
l> 
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MHW820 
Test 
Fixture 
Diagram 
Z2 


Input 
/4n RFInp 
Y3 
10 dB 
Attenuator 


) 
RF 
/ 
Signal 
Generator 


Vs1 
+ 12.5 Vdc (d> 0.45 A 
(Typical) 


VS2 
+12.5 Vdc <& 1.25 A 
(Typical) 


Z1, Z2 — 50 n Microstrip 
C1,C4,C7— 1.0 u,F 
C2.C5.C8 —0.1 u.F 
C3.C6.C9 —0.018 p.F 
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+12.5 Vdc (w 3.2 A 
(Typical) 
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MHW820-1, MHW820-2, MHW820-3 


TYPICAL PERFORMANCE CURVES 
(MHW820-3) 


'200 


FIGURE 8 - 
INPUT POWER. EFFICIENCY AND 
VSWR versus FREQUENCY 
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FIGURE 10 - 
OUTPUT POWER versus 
SUPPLY VOLTAGE 
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FIGURE 9 - 
OUTPUT POWER versus INPUT POWER 
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FIGURE 11 - 
EFFICIENCY versus SUPPLY VOLTAGE 
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MHW820-1, MHW820-2, MHW820-3 


APPLICATIONS INFORMATION 


Nominal Operation 
All electrical specifications are based on the following 
nominal conditions: (Pout = Rated, Vsi 
= Vs2 = VS3 
= 12.5 Vdc). This module is designed to have excess 
gain margin with ruggedness, but operation outside the 
limits of the published specifications is not recom 
mended unless prior communications regarding the in 
tended use has been made with a factory representa 
tive. 


Gain Control 
This module is designed for wide range Pout level 
control. The recommended method of power output 
control, as shown in Figure 3 and 9, is to fix Vs-|, VS2, 
and VS3 at 12.5 Vdc and vary the input RF drive level 
at Pin 1. 
A second method of output control is to adjust the 
supply voltage (Vsi independently or Vsi, VS2,and VS3 
simultaneously). However, if any of these voltages fall 
out of the range from 10 to 16 volts module stability 
cannot be guaranteed. Typical ranges of power output 
control using this method are shown in Figures 4, 6, 
and 10. 
In all applications, the module output power should 
be limited to 25 watts. 


FIGURE 12 - 
TEST FIXTURE ASSEMBLY 


Decoupling 
Due to the high gain of each of the two stages and the 
module size limitation, external decoupling networks 
require careful consideration. Pins2.3 and 4 are internally 
bypassed with 0.018 uF chip capacitors which are effec 
tive for frequencies from 5 MHz through 950 MHz. For 
bypassing frequenciesbelow5 MHz.networksequivalent 


to that shown in the test fixture schematic are recom 
mended. Inadequate decoupling will result in spurious 


outputs at specific ope rating frequencies and phase 
angles of input and output VSWR. 


FIGURE 13 - 
TEST FIXTURE CONSTRUCTION 


TOP VIEW 


(4 y 4 x 0.5 inch Aluminum Base) 


RF 
Input 
(Line Width = 0.177" 


RF 
Output 


CROSS SECTION VIEW 


VS3 
Vs2 
VS1 
RF 
Input 


C1.C2. C4. C5.C7. C8 


See Cross 
Section View 
/ 


n 


RF 
Output 
(Lino Wrdth 
= 0.177-) 


0.0625" Thick 


Teflon — 
Fiberglass 
l«r = 2.55) 


Bring capacitor leads through fiberglass board and solder to Vs), 
Vs2. and Vs3 lines as close to module as possible. 
To insure optimum heat transfer from flange to heatsink. use 
standard 6-32 mounting screws and an adequate quantity of 
silicon thermal compound (e.g.. Dow Corning 340). With both 
mounting screws finger tight, alternately torque down the 
screws to 4-6 inch pounds. 


Load Pull 
During final test, each module is "load pull" tested in 
a fixture having the identical decoupling network de 
scribed in Figure 1. Electrical conditionsare Vsi. Vs2 and 
VS3 equal to 16 volts output. VSWR 30:1 and output 
power equal to 25 watts. 


Mounting Considerations 
To insure optimum heat transfer from the flange to 
heatsink, use standard 6-32 mounting screws and an 
adequate quantity of silicon thermal compound (e.g., 
Dow Corning 340). With both mounting screws finger 
tight, alternately torque down the screws to 4-6 inch 
pounds. The heatsink mounting surface directly be 
neath the module flange should be flat to within 0.002 
inch to prevent fracturing of ceramic substrate material. 
For more information on module mounting, see EB-107. 


MOTOROLA RF DEVICE DATA 


5-160 


MOTOROLA 
SEMICONDUCTOR •nn^^ 
TECHNICAL DATA 


The RF Line 


LOW DISTORTION WIDEBAND AMPLIFIERS 


... designed specifically for broadband applications requiring low 
distortion characteristics. Specified for use as return amplifiers 
for mid-split and high-split 2-way cable TV systems. Features all 
gold metallization system. 


Guaranteed Broadband Power Gain (a f = 5.0-200 MHz 


Guaranteed Broadband Noise Figure fa f = 5.0-175 MHz 
Superior Gain, Return 
Loss and 
DC Current Stability with 
Temperature 


All Gold Metallization 


All Ion-Implanted Arsenic Emitter Transistor Chips with 7.0 GHz 
ffs 
Circuit Design Optimized for Good RF Stability Under High 
VSWR Load Conditions 
Transformers Designed to Insure Good Low Frequency Gain 
Stability versus Temperature 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
• 65 
dBmV 


DC Supply Voltage 
VCC 
• 28 
Vdc 
Operating Case Temperature Range 
TC 
-20 to +100 
=C 


Storage Temperature Range 
Ts,g 
-40 to +100 
°C 
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MHW1134 
MHW1184 
MHW1224 
MHW1244 


13.0 dB 
18.5 dB 
22.0 dB 
24.0 dB 


5.0-200 MHz 
CATV HIGH-SPLIT 
REVERSE AMPLIFIERS 
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NOTES: 
I. DIMENSIONING AND I01EBANCING PERANSI 
V14.SM. 1382. 
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CASE 714-04 


MHW1134, MHW1184, MHW1224, MHW1244 


ELECTRICAL CHARACTERISTICS <VCc = 24 Vdc, Tc = + 30°C, 75 n system) 


Characteristic 
Symbol 
MHW1134 MHW1184 MHW1224 MHW1244 
Units 


Power Gain @ 10 MHz 
GP 
13.0 ±0.5 
18.5 ±0.5 
22.0±0.5 
24.0 ±0.5 
dB 


Frequency Range (Response/Return Loss) Note 1 
BW 
5.0-200 
MHz 


Cable Slope Equivalent (5.0-200 MHz) 
S 
-0.2 Min/+0.8 Max 
dB 


Gain Flatness (5.0-200 MHz) 
F 
±0.2 Max 
dB 


Input/Output Return Loss (5.0-200 MHz)Note 1 
IRL/ORL 
18.0 Min 
dB 


Cross Modulation Distortion @ +50 dBmV per ch. 
12-Channel FLAT (5.0-120 MHz) 
22-Channel FLAT (5.0-175 MHz) Notes 2 and 3 
26-Channel FLAT (5.0-200 MHz) 


XM12 
XM22 
XM26 


-70 Typ 
-65 Max 
-65 Typ 


-68 Typ 
-64 Max 
-64 Typ 


-67 Typ 
-62 Max 
-62 Typ 


-66 Typ 
-61 Max 
-61 Typ 


dB 
dB 
dB 


Composite Triple Beat Distortion @ +50 dBmV per ch. 
22-Channel FLAT (5.0-175 MHz) N , 
, 
d 3 
26-Channel FLAT (5.0-200 MHz) 
CTB22 
CTB26 
-73 Max 
-71 Typ 
-72 Max 
-70 Typ 
-71 Max 
-68.5 Typ 
-70 Max 
-67.5 Typ 
dB 
dB 


Individual Triple Beat Distortion @ +50 dBmV per ch. 
Mid-Split (5.0-120 MHz) T11, T12 and CH2@ 123.25 MHz 
High-Split(5J0-176 MHz) T13, CH2and CH5@ 175.5 MHz 
TB3 
TB3 
-30 Typ 
-87 Typ 
-88 Typ 
-85 Typ 
-88 Typ 
-85 Typ 
-87 Typ 
-84 Typ 
dB 
dB 


Second Order Distortion @ +50 dBmV per ch. 
High-Split (5.0-175 MHz)CH2, CHA@ 176.5 MHz 


IMD 
-72 Max 
-72 Max 
-72 Max 
-72 Max 
dB 


Noise Figure 
High-Split (5.0-175 MHz) Note 2 


NF 
7.0 Max 
5.5 Max 
5.5 Max 
5.0 Max 
dB 


DC Current 
IDC 
210Typ/240Max 
mAdc 


1. Response andreturn losscharacteristics aretestedandguaranteed forthefull 6.0-200 MHz frequency range. 
2. Motorola 100% distortion and noisefigure testing is performed overthe5.0-175 MHz frequency range. Cross modulation andcomposite triple 
beat testing are with 22-chsnnel loading; Videocarriers used are: 
T7-T13 
7.0-43.0 MHz 
7-Channels 
2-6 
55.25-83.25 MHz 
5-Channels 
A-7 
121.25-175.25 MHz 
10-Channels 
3. Video carriers usedfor12-Channel typical performances areT7-6; For26-Channel typical performance, Channels 8,9,10 and 11 areaddedto the 
22-Channel carriers listed above. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
VHF Power Amplifier 


... designed specifically for 15 volt Sonobouy applications in the frequency region of 
135 to 175 MHz. 


• Specified 15 Volt, VHF Characteristics: 
Output Power — 1.0 Watt Min 
Gain — 27 dB Min @ Pjn = 2.0 mW 
Harmonics 
38 dBc Max (2.0 f0) 
• 50 ft Input/Output Impedances 
• Guaranteed Stability and Ruggedness 
• Automated Surface Mount Construction Gives Consistent Performance and Reliability 
• Gain Control Pin for Manual or Automatic Output Level Control 


MAXIMUM RATINGS 


MHW2001-15 


27 dB 
135-175 MHz 
1.5 WATT 
SONOBOUY 
POWER AMPUFIER 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Input Power 
Pin 
8.0 
mW 


RF Output Power 
pout 
2.0 
W 


Storage Temperature Range 
Tstg 
-40 to +80 
°C 


Operating Case Temperature 
TC 
-20 to +80 
°C 


ELECTRICAL CHARACTERISTICS (Vcc = Vqrive = 15V; Z0 = 50n, Tc = 25°C. All characteristics guaranteed over 
specified under "Frequency Range" unless otherwise noted.) 
jandwidth 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
135 
— 
175 
MHz 
Gain @ Pjn = 2.0 mW (Note 1) 
Gp 
27 
29 
33 
dB 
Input VSWR @ Pin = 2.0 mW 
VSWRin 
— 
— 
2.5:1 
— 
Efficiency @ Pin = 2.0 mW 
n 
40 
45 
— 
% 
Harmonics @ P0 = 1.5 W 
— 
- 
-45 
-38 
dBc 
Stability @ Pjn = 0 to 4.0 mW 
VCC = Vdr = 12 to 16 V 
Source and Load VSWR = 4:1 


" 


All spurious outputs 
more than 60 dB below 
desired signal level 


Load Mismatch @ Load VSWR = 4:1 
VCC = Vdr = 16 V 
Pout = 1-5W 


•— 
No degradation in output 
power after return to 
initial operating conditions 
Standby Current @ Pjn = 0 mW 
Is 
— 
47 
55 
mA 
Note1: Notdesignedforcontinuousoperation.Dutycycletypical of Sonobuoya^plications. Consult factory fc>r other condit ons of operati an. 
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MHW2001-15 


DECOUPLING 
Pins 2 and 4 are internally bypassed with a 0.018 /iF 
chip capacitor which is effective for frequencies from 
5.0 MHz to 175 MHz. For bypassing frequencies below 


5.0 MHz, networks equivalent to that shown in Figure 1 
are recommended. Inadequate decoupling may result in 
spurious outputs at certain operating frequencies and 
certain phase angles of input and output VSWR. 


Ll - 
L2 - 0.2 mH (ferrite loaded) 
CI - C2 = 0.1 j.F 
C3 = C4 = 1 >iFTantalum 
vdr 
vcc 


Rgure 1. Decoupling Networks 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 
MHW5122A 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed for broadband applications requiring low distortion 
characteristics. Specified for use as a CATV trunk-line amplifier. 
Features ion-implanted arsenic emitter transistors with 7.0 GHz 
fy, and all an gold metallization system. 


• 
Specified for 53- and 60-Channel Performance 


• 
Broadband Power Gain — @f - 
40-450 MHz 
Gp = 12.5dB(Typ) 


• 
Broadband Power Gain — (a f = 40-450 MHz 
Gp = 12.5dB (Typ) 


• 
Broadband Noise Figure — (a f = 450 MHz 
NF a 7.0 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
f70 
dBmV 


DC Supply Voltage 
vcc 
• 23 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
°c 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 
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12.5 dB GAIN 


450 MHz 


60-CHANNEL 
CATV TRUNK AMPLIFIER 
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NOTES 
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CASE 714-04 


MHW5122A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +30°C.75 fl system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Gp 
12 
12.5 
13 
dB 


Slope 
S 
+ 0.2 
+ 0.7 
+ 1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-450 MHz 
(2q = 75 Ohms) 


IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, Ml5) 
(Vout = +46 dBmV per ch., Ch2, M13, M22) 


IMD 


- 
-78 
-72 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmVper ch.) 
60-ChannelFLAT 
XMD53 
XMDeo 
-63 
-63 
-61 
dB 


Composite Triple Beat 
53-Channel FLAT 
(Vout = +46 dBmVper ch.) 
60-Channel FLAT 
CTB53 
CTB60 


— 
-63 
-61 
-58 
dB 


DIN (European Applications Only)* 
300 MHz — (CH V + Q - 
P @ W) 
400 MHz — (CH M8 + M15 - 
M9 @ M14) 
450 MHz — (CH M20 + M23 - 
M22 (<> M21) 


DIN1 
DIN2 
DIN3 


- 
125 
124 
123 


- 
dB/iV" 


Noise Figure 
(f = 450 MHz) 


NF 
— 
7.0 
8.0 
dB 


DC Current 
'DC 
- 
200 
240 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 
Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 59 


+ 59 


+ 65 


+ 65 


=s -60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 58 


+ 58 


+ 64 


+ 64 


=s -60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 63 


+ 63 


+ 57 


+ 57 


<s -60 


•DIN (dBjiV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-166 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 
MHW5141A 
MHW5142A 


The RF Line 


450 MHz CATV AMPLIFIERS 


... designed specifically for 450 MHz CATVapplications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• 
Specified for 60-Channel Performance 


• 
Broadband Power Gain — (a 
f = 40-450 MHz 
Gp = 14 dB (Typ) (o 50 MHz 
14.5 dB (Min) (a 450 MHz 


• 
Broadband Noise Figure fa 450 MHz 
NF 
= 7.0 dB (Max) MHW5141A 
7.0 dB (max) MHW5142A 


• Superior Gain, Return Loss and DC Current Stability 
with Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 70 
dBmV 


DC Supply Voltage 
vcc 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to -100 
°C 


Storage Temperature Range 
Tsta 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-167 


14 dB GAIN 


450 MHz 


60-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


NOTES 
i dimensioning and toieunong peransi 
V14SM.IS82 
2 CONTBOLUNG DIMENSION. INCH 


STYLE 1 
PIN I 
Rf INPUT 
! GROUND 
3 GROUND 
- 
.-•• 
5 VDC 
£ DEIETE0 
' 
GROUND 
8 GROUND 
9 RF OUTPUT 


D:v 
MILIII. ETEFS 
INCHES 
VI 
MAX 


s 
— 
4508 
1725 


B 
: •-;: 
2692 
10*0 
1060 


C 
;osi 
21.34 
0810 
0 -:.: 


0 
046 
0.56 
0018 
0 V.l 


F 
1181 
12.95 
0 4i- 
0.510 


F 
7 62 
825 
0300 
0325 
2 64 BSC 


J 
] •' BSC 
oise BSC 


« 
800 1 
350 
0315 
:;;• 


1 
r:i: iiC 
' vii.-C 
N 
4 19 BSC 
0.185BSC 


P 
25 BSC 
__9i6 
(1 
427 
0148 


R 
15" 
_ 
0695 
S 
;-i: esc 
liOOBSC 


U 
S HBSC 
BJ008SC 


V 
•••;;: 


w 
1105 1 1l.« 
:;;•; 
j;u 


CASE 714-04 


MHW5141A, MHW5142A 


ELECTRICAL CHARACTERISTICS (VCc = 24 Vdc, Tc = +30°C, 75 (1 system unless otherwise noted) 


Characteristic 
Symbol 


MHW5141A 
MHW5142A 


Unit 
Mln 
Typ 
Max 
Min 
Typ 
Max 


Frequency Range 
BW 
40 
— 
450 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
13.5 
14 
14.5 
13.5 
14 
14.5 
dB 


Power Gain — 450 MHz 
Go 
14.0 
— 
15.5 
14.0 
— 
15.5 
dB 


Slope 
S 
0.2 
— 
1.5 
0.2 
— 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-450 MHz 
(Zq = 75 Ohms) 


IRL/ORL 
18 
— 
— 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
<Vout = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-78 
-72 


- 
-78 
-74 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
53-Channel FLAT 
60-Channel FLAT 
XMD53 
XMD60 


- 
-61 
-60 
-59 


- 
-63 
-63 
-62 


dB 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 
53-Channel FLAT 
60-Channel FLAT 
CTB53 
CTB60 


- 
-61 
-59 
-58 


- 
-63 
-62 
-61 


dB 


DIN (European Applications Only)* 
300 MHz — (CH V + Q - 
P @ W) 
400 MHz — (CH M8 + M15 - 
M9 <fv M14) 
450 MHz — (CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 


125 
124 
123 


- 


- 


127 
126 
125 


- 
dB/tV* 


Noise Figure 
(f = 450 MHz) 


NF 
— 
— 
7.0 
— 
6.0 
7.0 
dB 


DC Current 
>DC 
- 
180 
200 
- 
210 
240 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Frequency 
DIN Output Level 
DIN Beat Level 
Designation 
(MHz) 
(dBmV)"(Typ) 
dB Relative to Ref. Ch. 


P 
253.25 


MHW5181A 
MHW5182A 


+ 59 
+ 61 


Q 
259.25 
+ 59 
+ 61 
€ 
-60 
V 
289.25 
+ 65 
+ 67 


W (Ref.) 
295.25 
+ 65 
+ 67 


M8 
361.25 
+ 58 
+ 60 


M9 
367.25 
+ 58 
+ 60 
s 
-60 
M14 (Ref.) 
397.25 
+ 64 
+ 66 


M15 
403.25 
+64 
+ 66 


M20 
433.25 
+ 63 
+ 65 


M21 (Ref.) 
439.25 
+63 
+ 65 
« 
-60 
M22 
445.25 
+ 57 
+ 59 


M23 
451.25 
+57 
+ 59 


•DIN (cJBmVI = Reference Channel Level IdBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-168 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 
MHW5162A 


The RF Line 


450 MHz CATV AMPLIFIER 


. . . designed for broadband applications requiring low- 
distortion characteristics. Specified for use as a CATV trunk-line 
amplifier. Features ion-implanted arsenic emitter transistors 
with 7.0 GHz fj and an all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• Broadband Power Gain — @ f - 40-450 MHz 
Gp = 16.4dB (Typ) 


• 
Broadband Noise Figure — (a f = 450 MHz 
NF = 6.5 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
• 70 
dBmV 


DC Supply Voltage 
vcc 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
"C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-169 


16.4 dB GAIN 


450 MHz 


60-CHANNEL 
CATV TRUNK AMPLIFIER 


L+Jfel]^?J. 


. 
• ::- 
::•: 
• 
: 
• 


:_.'..;^T. 
4 
' 
fJl 
-4 — »-|*l*u>«»e|'l* 
rji 
jun 


NOTES: 
1. DIMENSIONINGAND T0LERANCING PER ANSI 
Y14 5M. 1982 
2. CONTROLLING DIMENSION; INCH 


smsi 


: •. • 
ni 
v 
• 


: >.'. 
1 SMXM 
< DELETED 
5 V0C 
6 
DELETED 
7 GROUND 
t 
G-C1JM! 


9 
RF OUTPUT 


DIM 
VLLIVETESS 
INCHES 
MN 
VAI 
MN 
MAX 


A 
— 
:: >. 
_ 
1,775 


FJ 
2642 
;E92 
1040 
1050 


C 
2057 
2134 
MIC 
0840 


D 
0.46 
056 
0013 
0022 


0 5IC 


0 325 


f 
1181 
12.95 
0 46: 


F 
762 
8 25 
0 SO 


J 
29: r-:; 
: ISC ss: 


K 
800 
1 
850 
. -15 


I 
:;::- =: 
• :::;: 


'. 
419 BSC 
0 155 BSC 


P 
2.S4 SSC 
: 100BSC 


II 
3.76 | 477 
3 143 
0 1E.2 


n 
- 
I 1511 
- 
1 0595 


s 
38 10 BSC 
1 COOBSC 


u 
5C6BSC 


V 
Ml BSC 
UKBSC 


w 
1105 
! 1143 
... 
.;:. 


CASE 714-04 


MHW5162A 


ELECTRICAL CHARACTERISTICS (Vcc = 24 Vdc, Tc = +30°C, 75 (I system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
15.9 
16.4 
16.9 
dB 


Slope 
S 
+ 0.2 
+ 0.7 
+ 1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-450 MHz 
(Z0 = 75 Ohms) 


IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, Ml3, M22) 


IMD 


- 
- 
-74 
-72 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
XMD53 
XMD60 


— 
-63 
-63 
-61 
dB 


Composite Triple Beat 
53-Channel FLAT 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
CTB53 
CTB60 


— 
-62 
-59 
-61 
-58 
dB 


DIN (European Applications Only)* 
300 MHz —(CHV+.Q - 
P (5 W) 
400 MHz — (CH M8 + M15 - 
M9 <H M14) 
450 MHz — (CH M20 + M23 - 
M22 (5 M21) 


DIN1 
DIN2 
DIN3 


- 
127 
125 
124 


- 


dBjtV" 


Noise Figure 
(f = 450 MHz) 


NF 
— 
6.0 
7.0 
dB 


DC Current 
'DC 
- 
200 
220 
mA 


"DIN (European Applications Only) 


NCTA Channel 
Designation ^ 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


MHW5162A 


« 
-60 


61 


61 
67 
67 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


59 
59 
65 
65 


=s -60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
64 
64 
58 
58 


« 
-60 


•DIN (dBtiV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-170 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIERS 


... designed specifically for 450 MHz CATVapplications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz(j and an 
all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• 
Broadband Power Gain — (a 
f = 40-450 MHz 
Gp = 17.4dB (Typ) 


• Broadband Noise Figure 
NF = 7.0 dB (Max) MHW5171A 
7.0 dB (Max) MHW5172A 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 70 
dBmV 


DC Supply Voltage 
vcc 
f 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
°c 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-171 


MHW5171A 
MHW5172A 


17 dB GAIN 


450 MHz 


60-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


.'".'ex 


NOTES 
1. DIMENSIONING AND T0URANONG PERANSI 
Y1I.5M. 1982. 
2 CONTROLLING DIMENSION: INCH 


STYLE 1 


UN I 
RT INPUT 


4 
DELETED 
5 VDC 
6 DELETED 
I 
GROUND 
8 GROUND 
S 
flr OUTPUT 


DIM 


MILLIMETERS 
INCHES 


Mil, 
MAX 
MIN 
MAX 


A 
a:: 
- 
1775 
8 
:•:: 
269! 
LMQ ! 1060 
C 1 2057 1 JU4 1 0610 1 08W 
D 1 0*6 I 056 . 0018 1 0072 
E 
1161 1 1296 
::•: 
:•;:: 


r 
762 1 825 
yy, 
. ry~ 


G 
2 54 BSC 
. ICOBSC 


•> 
3 96 3SC 
0156 BSC 


K 
600 1 8.50 


I 
25 SOBSC 
100 BSC 


N 
4 19 BSC 
0 165 BSC 


P 
2 54 BSC 
j ;:•;=;: 


o 
376 
1 
HJ 
: ::• 
: ••. 


R 
1511 
. 
:'-» 
S 
3S13 
3SC 
1SOOBSC 
;:•;=: 
UOSftC 


V 
;•• bs: 
0280 BSC 


W 
;•;:• 
0435 1 0450 


CASE 714-04 


MHW5171A, MHW5172A 


ELECTRICALCHARACTERISTICS (VCc= 24 Vdc,Tc = + 30°C, 75 fl system unless otherwise noted) 


Characteristic 
Symbol 


MHW5171A 
MHW5172A 


Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Frequency Range 
BW 
40 
— 
450 
40 
• 
— 
450 
MHz 


Power Gain — 50 MHz 
GD 
16.8 
17.4 
17.8 
16.8 
17.4 
17.8 
dB 


Power Gain — 450 MHz 
Go 
17.4 
18.4 
19.0 
17.4 
18.4 
19.0 
dB 


Slope 
S 
0.3 
0.5 
1.5 
0.3 
0.5 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-450 MHz 
(Zq = 75 Ohms) 
IRL/ORL 
18 
— 
— 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(V0ut = +50 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-78 
-72 


- 
-78 
-74 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
XMD53 
XMD60 


— 
-60 
-60 
-59 
-65 
-64 
-62 
dB 


Composite Triple Beat 
53-Channel FLAT 
(Vout - 
+43 dBmV per ch.) 
60-Channel FLAT 
CTB53 
CTBeo 


— 
-61 
-58 
-58 
-63 
-61 
-60. 
dB 


DIN (European Applications Only)* 
300 MHz — (CH V + Q - 
P <5> W) 
400 MHz — (CH M8 + M15 - 
M9 @ M14) 
450 MHz — (CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 


125 
124 
123 


- 


- 
127 
126 
125 


- 
dBitV 


Noise Figure (f = 450 MHz) 
NF 
— 
— 
7.0 
— 
6.0 
7.0 
dB 


DC Current 
'DC 
— 
180 
200 
— 
210 
240 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


MHW5171A 
MHW5172A 


* 
-60 


+ 59 


+ 59 


+ 65 


+ 65 


+ 61 


+ 61 


+ 67 


+ 67 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 58 


+ 58 


+ 64 


+ 64 


+ 60 


+ 60 


+ 66 


+ 66 


•s -60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 63 


+ 63 


+ 57 


+ 57 


+ 65 


+ 65 


+ 59 


+ 59 


=s -60 


•DIN (dBicV) 
= Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-172 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIERS 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHzfj and an 
all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• 
Broadband Power Gain — (a f 
- 
40-450 MHz 
Gp - 18.2 dB (Typ) (a 50 MHz 
19.0 dB (Typ) <§ 450 MHz 


• Broadband Noise Figure 
NF = 6.0 dB (Max) MHW5181A 
6.5 dB (Max) MHW5182A 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
^70 
dBmV 


DC Supply Voltage 
vcc 
^28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
C 


Storage Temperature Range 
Tstg 
-40 to +100 
"C 


MHW5181A 
MHW5182A 


18 dB GAIN 


450 MHz 


60-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


Wr° 


Co^ 


<*Jr 


-GD- 
i l*l»"""»»l'l'*•!'«) 
p™ 
-£=Li 
%IJL"J 


: • :^n: 
Jut 
» gt 


NOTES 
1 DIMENSIONING ANDT0LEBANCING PERANSI 
V14.5M.198? 
2 CONTROLLING DIMENSION. INCH 


STYlt I 
Pttl 
:. 
'.. 
• 


1 GROUND 
MUM 
> CUETS0 
5 VOC 
6 Kiemi 


I GR0UN0 
I 
GROUND 


9 mojTRuT 


DM 


I'LL" 
NC es 
MN 
m 
MAX 


A 


_ 
«« 
1.775 


« 
x i: 
« 32 
i k: 
1060 


c 
:: 57 
?i ?.: 
: ••: 
:;;. 


D 
i- 
:•:•• 
0027 


i 
-•-• 
;::•• 
:::: 
0510 


1 
03CO 
::•:-. 


fi 
• •:-'; 
•.•;.;.;;;- 


J 
3M B:,C 
D.15SBSC 


K 
.: >H 
0 3:: 


1 
100 BSC 


N 
:•:•=• 
0165 BSC 


' 
7WBSC 
010 
=s: 


0 
376 
1 
127 
. ':: 
: •-:- 


« 
- 
1 1511 
— 
-.::- 


s 
:•=;:• 
sr 
!!-:•: esc 
5C8BSC 
C IK ESC 


V 
1.11 BSC 
0 780 BSC 


W 
..-: 
.... 
0«5 1 04M 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-173 


MHW5181A, MHW5182A 


ELECTRICAL CHARACTERiSTtCS(VCc = 24Vdc, Tc = + 30°C, 75 n system unless otherwise noted) 


Characteristic 
Symbol 


MHW5181A 
MHW5182A 


Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 
Frequency Range 
BW 
40 
— 
450 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
17.8 
18.2 
18.8 
17.8 
18.2 
18.8 
dB 


Power Gain — 450 MHz 
Gd 
18.5 
19 
20 
18.5 
19 
20 
dB 
Slope 
S 
0.3 
— 
1.5 
0.3 
— 
1.5 
dB 
Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 
Return Loss — Input/Output 
40-450 MHz 
(Zq = 75 Ohms) 
IRL/ORL 
18 
— 
— 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, Ml5) 
(V0ut = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-85 
-80 
-72 


- 
-85 
-80 
-72 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
<vout = +46 dBmV per ch.) 
60-Channel FLAT 
XMD53 
XMD60 


— 
-59 
-58 
-56 


— 
-62 
-61 
-59 
dB 


Composite Triple Beat 
53-Channel FLAT 
<vout = +46 dBmV per ch.) 
60-Channel FLAT 
CTB53 
CTB60 


— 
-61 
-58 
-57 


, 
-64 
-62 
-61 
dB 


DIN (European Applications Only)* 
300 MHz — (CH V + Q - 
P (a W) 
400 MHz— (CH M8 + M15 - 
M9 <fi> M14) 
450 MHz— (CH M20 + M23 - 
M22 fw M21) 


DIN1 
DIN2 
DIN3 


- 


124 
124 
123 


- 


- 


126 
126 
125 


- 


dBjiV" 


Noise Figure (f = 450 MHz) 
NF 
— 
5.5 
6.5 
— 
5.5 
6.5 
dB 


DC Current 
'DC 
— 
180 
200 
— 
210 
240 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


MHW5181A 
MHW5182A 


« 
-60 


+ 58 


+ 58 


+ 64 


+ 64 


+ 60 


+ 60 


+ 66 


+ 66 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 58 


+ 58 


+ 64 


+ 64 


+ 60 


+ 60 


+ 66 


+ 66 


=s -60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 63 


+ 63 


+ 57 


+ 57 


+ 65 


+ 65 


+ 59 


+ 59 


=s -60 


•DIN (dBjiV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-174 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
High Output Doubler 
450/550 MHz CATV Amplifiers 


... designed specifically for 450/550 MHz CATVapplications. Features ion-implanted 
arsenic emitter transistors with 6 to 8 GHz fj and an all gold metallization system. 


• 
4th Generation Die Technology 
• Specified for 60'77-Channel Performance 
• 
Broadband Power Gain -§fa 40-550 MHz 
Gp = 18.5dB (Typ) (a 50 MHz 
19.0 dB (Typ) (a 450 MHz 
19.5 dB (Typ) fa 550 MHz 
• 
Broadband Noise Figure 
NF = 5 dB (Typ) — MHW5185 
= 6 dB (Typ) — MHW6185 
• Improvement in Distortion Over Conventional Hybrids 
• Allows Higher Output Level Operation 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
t70 
dBmV 


DC Supply Voltage 
vcc 
^28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to 
^ 100 
'C 


Storage Temperature Range 
Tstg 
-40 to +100 
°c 


MHW5185 
MHW6185 


18 dB GAIN 
450/550 MHz 
60/77-CHANNEL 
CATV AMPLIFIERS 


CASE 714-04, STYLE 1 


ELECTRICAL CHARACTERISTICS (VCc - 24 Vdc, Tc - 
+30°C, 75 SIsystem unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
MHW5185 


MHW6185 


BW 
40 
40 
z 
450 
550 


MHz 


Power Gain 
50 MHz 
450 MHz 
550 MHz 


Gp 
18 


18.5 


18.8 


- 


19 


19.7 
20.3 


dB 


Slope 
S 
0.5 
— 
2.0 
dB 


Gam Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — InputOutput (Z0 
75 Ohms) 
40-550 MHz 
IRL'ORL 
18 
— 
B 
dB 


Second Order Intermodulation Distortion 
(vout = +46 dBmV, Ch 2, M13, M22) 
MHW5185 
(Vout = 
' 46 dBmV. Ch 2. M30. M39) 
MHW6185 


IMD 


- 
- 
-74 
-71 


dB 


Cross Modulation Distortion 
(Vout = +46dBmV) 
60-Channel FLAT 
(Vout = +44dBmV) 
77-Channel FLAT 
XMD60 
XML),-/ 


- 
- 68 
-66 
-66 
-63 


(IB 


Composite Triple Beat 
(V0ut- 
+46dBmV) 
60-Channel FLAT 
(V0ut • 
+ 44 dBmV) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-67 
-65 
-65 
-63 


dB 


DIN (European Applications Only) 
MHW5185 
300 MHz — (CH V + Q - 
P la W) 
400 MHz — (CH M8 + M15 - M9 @ M14) 
450 MHz — (CH M20 + M23 - 
M22 (a M21) 


DIN1 


DIN2 
DIN3 


- 
129 
128 
126 


- 


dB^V 


Noise Figure 
450 MHz 
550 MHz 
NF 


- 
5.0 
6.0 
7.0 
7.5 
dB 


DC Current 
'DC 


- 
385 
435 
mA 


MOTOROLA RF DEVICE DATA 


5-175 


MHW5185, MHW6185 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 


DIN Output Level 
<dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 
MHW5185 


P 
Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 63 


+ 63 


+ 69 
+69 


«-60 


MB 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+62 


+ 62 
+68 
+68 


*-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+66 


+ 66 
+60 
+60 


n-heo 


•DIN (dB/iVI = Reference Channel Level (dBmV) + 60 dB 
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Rgure 1. CTB versus Output Power 
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Rgure 3. CTB versus Frequency/Channels 
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Rgure 2. CTB versus Output Power 
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Figure 4. CTB versus Frequency/Output Power 


MOTOROLA RF DEVICE DATA 


5-176 


MHW5185, MHW6185 
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Rgure 5. CTB versus Frequency/Channels 
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Figure 7. CTB versus Frequency/Tilt 
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Rgure 6. NF versus Frequency 
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Figure 8. CTB versus Frequency/Tilt 
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Table 1. Functional Performance versus Temperature* 


Parameter 
Condition 
Symbol 


T1 
-20'C 
T2 
35"C 
T3 
80°C 
Units 


Power Gain 
50 MHz 
GP1 
17.70 
17.63 
17.54 
dB 


Power Gain 
450 MHz 
GP2 
18.34 
18.22 
18.14 
dB 


Power Gain 
550 MHz 
GP3 
18.63 
18.40 
18.24 
dB 


Composite Triple Beat 
vout = +46dBmV 
60-Ch FLAT 
CTB60 
-66.1 
-64.9 
-62.9 
dB 


Composite Triple Beat 
Vout = +46dBmV 
77-Ch FLAT 
CTB77 
-59.3 
-57.7 
-56.5 
dB 


DC Current 
VDC = 24 V 
'DC 
370 
401 
419 
mA 


'DatainTable1is the average valueof several partsandis onlyintendedto showtypical trendsin performance as a function of temperature. 
Absolute values of specific parameters will comply with limits specified under "ELECTRICAL CHARACTERISTICS." 


MOTOROLA RF DEVICE DATA 


5-177 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed for broadband applications requiring low distortion 
characteristics. Specifically intended for CATV market require 
ments. Features ion-implanted arsenic emitter transistors with 7.0 
GHz fj, and all an gold metallization system. 


• 
Broadband Power Gain — (a f = 40-450 MHz 
Gp = 22 dB (Typ) 


• 
Broadband Noise Figure — (" f • 
450 MHz 
NF = 4.5 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 70 
dBmV 


DC Supply Voltage 
vcc 
- 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
"C 


Storage Temperature Range 
Tstg 
-40 to -rlOO 
"C 


MOTOROLA RF DEVICE DATA 


5-178 


MHW5222A 


22 dB GAIN 


450 MHz 


60-CHANNEL 
CATV TRUNK AMPLIFIER 


NOTES 
1 DIMENSIONING AND lOURANONG PERANSI 
VHSU.1982 


2 CONTROLLINGDIMENSION: INCH 


STYLE 1 
• •. • n 
'.. 
• 


: 
:•- 
•.:• 
i oaouNC 
< 0EIETS0 


s wc 
t 
DELETED 
I 
GROUND 


« 
G"0OND 
3 
R[ OUTPUT 


DIM 


MILLIMETERS 


MW 
MAX 


INCHES 


MIN 
MAX 


A 
- 
4' ~- 
• "; 


B 
HA? 
X)2 
• 
•: 
•:-: 
C 
2057 1 JIM 
0810 
:•.-: 
D 
0A5 | 
056 
00IB 
0 022 


E 
II81 
1295 
:•• 
:••••: 


F 
:--: 
•:• 
..; 


G 
n::: BSC 


J 
136 BSC 
; -::•- 
K 
S>-1 
0315 1 0355 


L 
' 
" 
ICO BSC 
N 
:••=: 
: teSBSC 


P 
:«=-:•: 
MOOBSC 


0 
:•-•: 
:.-; 
011= 
1 0163 


R 
- 
1 T5TI 
- 
1 0595 


s 
3810 BSC 
• sn Bse 
u 
i"-; 3SC 
0200 BSC 


V 
711 BSC 
0280 BSC 


w 
110: 
1143 
0435 1 0150 


CASE 714-04 


MHW5222A 


ELECTRICAL CHARACTERISTICS(Vcc = 24 Vdc> TC = +30°C, 75 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
21.4 
22 
22.6 
dB 


Power Gain — 450 MHz 
Gd 
22.0 
22.9 
23.5 
dB 


Slope 
S 
0.2 
0.5 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
(Z0 = 75 Ohms) 
40-450 MHz 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
<Vout = +46 dBmV, Ch 2, M6, Ml5) 
(Vout = +44 dBmV, Ch 2, M13. M22) 


IMD 


- 
-80 
-78 
-72 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV) 
53-Channel FLAT 
60-Channel FLAT 
XMD53 
XMD60 


— 
-60 
-60 
-59 
dB 


Composite Triple Beat 
(Vout = +46dBmV) 
53-Channel FLAT 
60-Channel FLAT 
CTB53 
CTB60 


— 
-63 
-61 
-60 
dB 


DIN (European Applications Only) 
300 MHz —(CH V + Q - 
P <S> W) 
400 MHz — (CH M8 + M15 - 
M9 @ M14) 
450 MHz— (CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 


125.5 
125 
124 


- 
dB/xV 


Noise Figure 
(f = 450 MHz) 


NF 
— 
4.5 
5.0 
dB 


DC Current 
'DC 
- 
210 
240 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 
Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 59.5 


+ 59.5 


+ 65.5 
+65.5 


«-60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 59 


+ 59 
+65 
+65 


•s-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 64 
+64 


+ 58 


+ 58 


*-60 


•DIN (dBjiV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-179 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
High Output Doubler 
450 MHz CATV Amplifiers 


... designed specifically for 450 MHz CATV applications. Features ion-implanted arsenic 
emitter transistors with 6.0 to 8.0 GHz fj and an all gold metallization system. 


• 
Both +24 V (MHW5225) and -24 V (MHW5225R) Supply Voltage 
• 4th Generation Die Technology 
• 
Specified for 60-Channel Performance 


• 
Broadband Power Gain — 
(n 
f 
= 40-450 MHz 
Gp = 22 dB(Typ) (a 50 MHz 
23 dB (Typ) (a 450 MHz 
• Broadband Noise Figure 
NF = 4.5 dB (Typ) 
• Improvement in Distortion Over Conventional Hybrids 
• Allows Higher Output Level Operation 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
->-70 
dBmV 


DC Supply Voltage 
MHW5225 
MHW5225R 
vcc 
+ 28 
-28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to 
- 100 
=C 


Storage Temperature Range 
Tstg 
•10 to 
- 100 
°c 


MHW5225 
MHW5225R 


22 dB GAIN 
450 MHz 
60-CHANNEL 
CATV AMPLIFIERS 


CASE 714-04, STYLE 1 
MHW5225 


CASE 714C-04, STYLE 1 
MHW5225R 


ELECTRICAL CHARACTERISTICS (VCc =- 24 Vdc (MHW5225) or -24 V(MHW5225R), TA = - 25'C, 75 <! system unless otherwise 


noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 


- 
450 
MHz 


Power Gain 
50 MHz 
450 MHz 
Gp 
21.4 


22.3 
22.0 
23.0 
22.6 
23.7 
dB 


Slope 
S 
0.3 
1.0 
1.8 
dB 


Gain Flatness (Peak To Valley) 
- 
- 
.25 
.5 
dB 


Return Loss — Input/Output |Z0 = 75 Ohms) 
40-450 MHz 
IRUORL 
18 
- 
- 
dB 


Second Order Intermodulation Distortion 
<vout " *46 dBmV Per <#>•• Cn 2- M13> M22> 


IMD 


— 
-74 
-69 
dB 


Cross Modulation Distortion 
(V0ut = + 46 dBmV per ch.) 
60-Channel FLAT 
XMD60 
— 
-67 
l,(l 
dB 


Composite Triple Beat 
(Vout a + 46 dBmV per ch.) 
60-Channel FLAT 
CTB60 
— 
-65 
-62 
dB 


Noise Figure 
450 MHz 
NF 
- 
4.5 
6.0 
dB 


DC Current 
MHW5225 
MHW5225R 
IDC 
— 
415 
015 
440 
440 
mA 


MOTOROLA RF DEVICE DATA 


5-180 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed specifically for 450 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• 
Specified for 53- and 60-Channel Performance 


• Broadband Power Gain — @ f = 40-450 MHz 
Gp = 27 dB (Typ) 


• 
Broadband Noise Figure 
NF = 5.0 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


• 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
• 55 
dBmV 


DC Supply Voltage 
vcc 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
*C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-181 


MHW5272A 


27 dB GAIN 


450 MHz 


60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


!.; 


NOTES. 
1 DIMENSIONING ANDT01ERANDNGPERANSI 


Y14 5M. 1982 
2 CONTROLLING DIMENSION; INCH 


STYLE! 
:••. 
• 
--: •,;_- 


I 
GROUND 
3 GROUND 
4 MUTED 
5 VDC 


6 
DELETED 
J 
GROUND 
8 GROUND 
5 
R! OUTPUT 


DM 
MILLIMETERS 
INCHES 
M N 
MAI 
'.''. 
VAX 


A 
— 
i.-. 
1.775 


B 
264? 
1M0 1 1.060 


C 
2057 
2134 
0810 
0640 


0022 
D 
046 
05S 
o oia 


F 
7.6? 
B.» 
0300 
•ts?- 


n 
.:•;":: 
1100 BSC 


.' 
3 96 BSC 
0156 BSC 


< 
900 1 
eso 
::••: 
::••: 


i 
:a:i'.: 
•::a: 


N 
:••-: 
:•-:==•: 


P 
2 64 BSC 
oto BSC 


0 
:.-; 
: •;= 
0.163 


R 
- 
Mill 
_ 
0595 


S 
V. ii: f'SI 
1 MO 35C 


1) 


V 
711 BSC 
0280 BSC 


w 
••:; 
ii43 
0<35 1 0.450 


CASE 714-04 


MHW5272A 


ELECTRICAL CHARACTERISTICS (Vcc ° 24Vdc. Tq = +30°C. 75n system unlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Gp 
26.2 
27 
27.8 
dB 


Power Gain — 450 MHz 
Go 
27.0 
28.0 
29.0 
dB 
Slope 
S 
0 
+ 1.0 
+ 2.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.4 
0.6 
dB 


Return Loss — Input/Output 
(Zq = 75 Ohms) 
40-450 MHz 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M 6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-78 
-76 
-68 


dB 


Cross Modulation Distortion 
(V0ut = +46dBmV) 
53-Channel FLAT 
60-Channel FLAT 
XMD53 
XMD60 


— 
-63 
-63 
-60 
dB 


Composite Triple Beat 
(Vout = +46 dBmV) 
53-Channel FLAT 
60-Channel FLAT 
CTB53 
CTB60 


— 
-63 
-61 
-59 
dB 


DIN (European Applications Only) 
300 MHz —(CHV + Q - 
P @ W) 
400 MHz — (CH M8 + M15 - 
M9 @ M14) 
450 MHz — (CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 


126 
125 
124 


- 
dB/iV 


Noise Figure 
(f = 450 MHz) 
NF 
— 
5.0 
6.0 
dB 


DC Current 
'DC 
— 
310 
340 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 60 


+ 60 


+ 66 


+ 66 


ss-60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 59 


+ 59 


+ 65 


+ 65 


s-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 64 


+ 64 


+ 58 


+ 58 


ss-60 


•DIN IdB/iV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-182 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed specifically for 450 MHz CATV applications. Fea 
tures ion-implanted arsenic emitter transistors with 7.0 GHz fj 
and an all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• 
Broadband Power Gain — 
(a 
f 
= 40-450 MHz 
Gp = 33 dB (Typ) 


• 
Broadband Noise Figure 
NF = 5.0 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 55 
dBmV 


DC Supply Voltage 
vcc 
• 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to '100 
c 


Storage Temperature Range 
Tstq 
-40 to ^-100 
•C 


MOTOROLA RF DEVICE DATA 


5-183 


MHW5332A 


33 dB GAIN 


450 MHz 


60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


:oT, 
, 
' 
-4 — o,, f.U.a.B.elil.B 


NOTES 
i 
dimensioning and toierancing per ansi 
Y14 5M. 1982 
2 C0NTR0UING DIMENSION. INCH 
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I | 
25.40 BSC 
\j 
-, 


N 
1 
«19B! 
0165 BSC 
010 
BSC 


Q 
376.. 
::' 
0148 
01E8 


R 
- 
1 1511 
- 
-.'.ii 


S 
?.;'0 3-r 
!» 
BSC 


U 
5 08 BSC 
0 MO B5C 


V 
7.11 BSC 
C 230 BSC 


w 
IUS 
11.43 
04V, ; 0450 


CASE 714-04 


MHW5332A 


ELECTRICAL CHARACTERISTICS (Vcc = 24Vdc,Tc = +30X, 75n system unless otherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
32 
33 
34 
dB 
Slope 
S 
0 
+ 1.0 
2.0 
dB 
Gain Flatness (Peak To Valley) 
— 
— 
0.4 
0.8 
dB 


Return Loss — Input/Output 
40-450 MHz 
(Zq = 75 Ohms) 
IRL/ORL 
20 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV, Ch 2, M6, M15) 
<vout = +46 dBmV, Ch 2, M13, M22) 


IMD 


- 
-80 
-78 
-70 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmV) 
60-Channel FLAT 
XMD53 
XMD60 
__ 
-63 
-61 
-59 
dB 


Composite Triple Beat 
53-Channel FLAT 
(Vout = +46dBmV) 
60-Channel FLAT 
CTB53 
CTBeo 


— 
-63 
-61 
-60 
dB 


DIN (European Applications Only)" 
300 MHz — (CH V + Q - 
P <5> W) 
400 MHz — (CH M8 + M15 - 
M9 @ M14) 
450 MHz — (CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 
126 
125 
124 


- 


dBjtV" 


Noise Figure 
(f = 450 MHz) 
NF 
— 
5.0 
6.0 
dB 


DC Current 
'DC 


— 
310 
340 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 


DIN Beat Level 
dB Relative to Ref. Ch. 


P 
Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+60 
+60 


+ 66 


+ 66 


« 
-60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 59 


+ 59 


+ 65 
+65 


« 
-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 64 


+ 64 


+ 58 


+ 58 


=s -60 


•DIN (dBttV) » Reference Channel Level IdBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-184 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed specifically for 450 MHz CATVapplications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• Broadband Power Gain — @ f = 40-450 MHz 
Gp = 34 dB(Typ) 


• 
Broadband Noise Figure 
NF = 5.0 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
i 55 
dBmV 


DC Supply Voltage 
vCc 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
C 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-185 


MHW5342A 


34 dB GAIN 


450 MHz 


60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


•.•"•>" 
• 


L±J QD 
J—l_U_j 
F5^~( 


zrn 


^rH 


NOTES. 
I 
DIMENSIONING AND T01ERANCING PER ANSI 


Y14.5M. 1981. 
2. CONTROLLING DIMENSION: INCH. 


STVU1 
••:•••. 
- 


. 
•:.•.. 


3 
GROUND 
: 
DELETED 
5 VDC 


6 
DELETED 
I GROUND 
1 GROUND 


5 
Rf OUTPUT 


D '.' 
y!'. • 
INC 
HS 


MW 
'". 
VAX 


A 
- 
4:'".- 
- 
1775 


B 
26 « 
;> y 
1040 
1.060 


C 
2052 
..:-'•: 
tK 


D 
046 
0«, 
0018 
0072 


I 
1181 
•;.- 
3 4S5 
0510 


F 
762 
-:s 
0300 
0325 


G 
:a- 
• •:•:•=•: 


J 
JS6BST. 
:i:>=s: 


K 
: :•: 
•': 
:;:: 


L 
25.40BSC 
•:•:;;:: 


N 
419 BSC 
!E5 
i> 


P 
2.5 
BSC 
. 
• 
'•-• 


II 
3.76 
4 21 
0148 1 0168 


R 
- 
1511 
1 0.595 


S 
3S13S5C 
i • :c bs: 


II 
S D3BSC 
-.-:•: 
=•: 


V 
71IBSC 
::;;==: 


W 
1105 
I 1143 
0435 
1 0453 


CASE 714-04 


MHW5342A 


ELECTRICAL CHARACTERISTICS (VCc = 24Vdc, Tc = +30X.75n system unlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
40 
— 
450 
MHz 


Power Gain — 50 MHz 
Go 
33.5 
34.5 
35.5 
dB 


Power Gain — 450 MHz 
Gp 
34.5 
35.5 
37 
dB 
Slope 
S 
0 
+ 1.0 
+ 2.5 
dB 
Gain Flatness (Peak To Valley) 
— 
— 
0.3 
0.6 
dB 
Return Loss — Input/Output 
40-450 MHz 
(Z0 = 75 Ohms) 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(V0ut = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-78 
-74 
-68 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmV) 
60-Channel FLAT 
XMD53 
XMD60 
z 
-63 
-63 
-59 
• 
dB 


Composite Triple Beat 
53-Channel FLAT 
<vout = +46 dBmV) 
60-Channel FLAT 
CTB53 
CTB60 


— 
-63 
-62 
-59 
dB 


DIN (European Applications Only) 
300 MHz — (CH V + Q-PfW) 
400 MHz — (CH M8 + M15 - 
M9 fn M14) 
450 MHz — (CH M20 + M23 - 
M22 (a M21) 


. 
DIN1 
DIN2 
DIN3 


- 


126 
125 
124 


- 
dB>V 


Noise Figure 
(f = 450 MHz) 
NF 
— 
5.0 
5.5 
dB 


DC Current 
'DC 
— 
310 
340 
mA 


•DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"(Typ) 
DIN Beat Level 
dB Relative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 60 


+ 60 


+ 66 


+ 66 


a;-60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 59 


+ 59 
+65 
+65 


ss-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+64 


+ 64 


+ 58 


+ 58 


•s-60 


•DIN (dB/iV) = Reference Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-186 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


450 MHz CATV AMPLIFIER 


... designed specifically for 450 MHz CATVapplications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• Specified for 53- and 60-Channel Performance 


• 
Broadband Power Gain — (a f = 40-450 MHz 
Gp = 38 dB (Typ) 


• 
Broadband Noise Figure 
NF = 4.0 dB (Typ) 


• Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
• 55 
dBmV 


DC Supply Voltage 
vcc 
-28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
CC 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


MOTOROLA RF DEVICE DATA 


5-187 


MHW5382A 


38 dB GAIN 


450 MHz 


60-CHANNEL 
CATV LINE EXTENDER 
AMPLIFIER 


N0IES: 
1 DIMENSIONING AND T0LERANCINGPERANSI 
YI4 5M. IS82. 
2 CONTROLLING DIMENSION.INCH 


STYLE 1 


• :• 
•: 
•,. 
• 


1 GMUW 
I GKftMO 


1 
DELETED 
5 VDC 


6 
DELETED 
I GROUND 
8 
GROUND 
J r» OUTPUT 


MILLIMETERS 
INCHES 


DIM 
MN 
MAX 
MIN 
MAX 


A 
- 
ii 1.• 
- 
1775 


B 
2642 
76 V 
1040 
1.060 


C 
20.57 
71 34 
0BI0 
O.B40 


n 
056 
001S 
0022 


F 
1181 
0465 
0510 


F 
762 
8 75 
0300 
0325 


fi 
: '•: - 
: •:: -.-.: 


' 
198 BSC 
0155 BSC 


L 
:a-,y-. 
100 BSC 


N 
4 19 BSC 
0I55 3SC 


P 
2.54 BSC 
0 100 BSC 


Q 
3 7i 
::,: 
•o 
• 


K 
- 
1 1511 
- 
1 0595 


S 
;.: 
<:;•:- 
••::•: 
'-•:. 


U 
'. c= e='.: 
:::•: 
a: 


V 
?!T:-: 
:•:••: 
a: 


V, 
1105 I ll« 
0435 i 0450 


CASE 714-04 


MHW5382A 


ELECTRICAL CHARACTERiSTtCS (VCc = 24Vdc, Tc = +30°C. 75n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Frequency Range 
BW 
40 
— 
450 
MHz 
Power Gain — 50 MHz 
Go 
37 
38 
39.5 
dB 
Power Gain — 450 MHz 
GD 
38.0 
39.0 
40.0 
dB 
Slope 
S 
0 
+ 1.0 
+ 2.5 
dB 
Gain Flatness (Peak To Valley) 
— 
— 
0.3 
0.6 
dB 
Return Loss — Input/Output 
40-450 MHz 
(Zq = 75 Ohms) 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
<vout = +46 dBmV per ch., Ch 2, M13, M22) 


IMD 


- 
-78 
-72 
-64 


dB 


Cross Modulation Distortion 
53-Channel FLAT 
(Vout = +46 dBmV) 
60-Channel FLAT 
XMD53 
XMD60 
-63 
-61 
-59 
dB 


Composite Triple Beat 
53-Channel FLAT 
(vout = +46 dBmV) 
60-Channel FLAT 
CTB53 
CTB60 


— 
-63 
-60 
-59 
dB 


DIN (European Applications Only) 
300 MHz —(CH V + Q - 
P @ W) 
400 MHz — (CH M8 + M15 - 
M9 (a M14) 
450 MHz —(CH M20 + M23 - 
M22 @ M21) 


DIN1 
DIN2 
DIN3 


- 
125 
124 
123 


- 
dBfiV 


Noise Figure 
(f = 450 MHz) 
NF 
- 
4.0 
5.0 
dB 


DC Current 
'DC 
- 
310 
340 
mA 


"DIN (European Applications Only) 


NCTA Channel 
Designation 
Frequency 
(MHz) 
DIN Output Level 
(dBmV)"{Typ) 
DIN Beat Level 
dB Rotative to Ref. Ch. 


P 


Q 


V 
W (Ref.) 


253.25 
259.25 
289.25 
295.25 


+ 59 


+ 59 


+ 65 


+ 65 


ss-60 


M8 
M9 
M14 (Ref.) 
M15 


361.25 
367.25 
397.25 
403.25 


+ 58 


+ 58 


+ 64 


+ 64 


=s-60 


M20 
M21 (Ref.) 
M22 
M23 


433.25 
439.25 
445.25 
451.25 


+ 57 


+ 57 


+ 63 


+ 63 


ss-60 


'DIN (dBftV) = Roferonce Channel Level (dBmV) + 60 dB 


MOTOROLA RF DEVICE DATA 


5-188 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


550 MHz CATV AMPLIFIER 


... designed specifically for 550 MHzCATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• Specified for 77-Channel Performance 


• 
Broadband Power Gain — © f = 40-550 MHz 
Gp = 12.5 dB (Typ) (§ 50 MHz 
13 dB (Min) (a 550 MHz 


• 
Broadband Noise Figure (a 550 MHz 
NF 
= 8.5 dB (Max) MHW6122 


• Superior Gain, Return Loss and DC Current Stability 
with Temperature 


• 
All Gold Metallization 


• 7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 


RF Voltage Input (Single Tone) 


DC Supply Voltage 


Operating Case Temperature Range 


Storage Temperature Range 


Symbol 
Value 
Unit 


Vir 
+ 70 
dBmV 


VCC 
Vde 


TC 
-20 to +100 


-40 to ^100 


MOTOROLA RF DEVICE DATA 


5-189 


MHW6122 


12 dB GAIN 


550 MHz 


77-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 


^t, |Jk_ * Uln 


i—i- 


N0TES. 


1 
DIMENSIONING AND T0LERANCING PER ANSI 
Y14.5M. 1982. 


2 CONTROLLING DIMENSION. INCH. 


SltlE I 
PIN I Rf INPUT 


1 GROUND 


3 GROUND 
« OtlEIlD 


5 VDC 


C DELETED 
7 GROUND 


8 
GROUND 
. 
ii 
::..• 


DM 
HC 


MM 
MAX 
MM 
MAX 


a 
_ 
_ 
1775 


B 
2642 
36.92 
1.040 
• :•• 


C 
2057 
2134 
3613 
0840 


D 
0 56 
3 016 
oc;: 


! 
1181 
1.-95 
0.465 
0510 


r 
7.63 1 825 
0300 
:>y.i 


n 
;» bsc 
0.100 BSC 


.1 
:•--:. es: 
i:nsx 


K 
BOO 1 860 
-•!-•- 
:y- 


1 
rij^ss: 
•:•:=.;: 


N 
:••?;; 
3 ••:=;: 


P 
254BSC 
1 
0103 BSC 


0 
376 1 122 j 0143 i 0168 


R 
- 
1 1511 
1 0S95 


S 
33 10 BSC 
moo es: 


II 
• n as: 
:::•: 
=se 


V 
Ml BSC 
-:~~: ix 


w 
1105 | 
11.43 
0435 1 0450 


CASE 714-04 


MHW6122 


ELECTRICAL CHARACTERISTICS(Vcc = 24Vdc,Tq = +30X. 75 fl system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
550 
MHz 


Power Gain — 50 MHz 
Gp 
12 
12.5 
13 
dB 


Power Gain — 550 MHz 
Go 
12.5 
— 
— 
dB 


Slope 
S 
0.2 
— 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-550 MHz 
(Zo = 75 Ohms) 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Volrt = +46 dBmV, Ch 2, M13, M22) 
(Vout = +44 dBmV, Ch 2, M30, M39) 


IMD 


- 
- 
-72 
-72 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV) 
60-Channel FLAT 
(Vout = +44 dBmV) 
77-Channel FLAT 
XMD60 
XMD77 


- 
-63 
-65 
-62 


dB 


Composite Triple Beat 
(Vout = +46 dBmV) 
60-Channel FLAT 
<V0ut = +44 dBmV) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-62 
-58 
-56 


dB 


Noise Figure 
(f = 550 MHz) 


NF 
— 
7.0 
8.5 
dB 


DC Current 
'DC 
— 
210 
240 
mA 


MOTOROLA RF DEVICE DATA 


5-190 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


550 MHz CATV AMPLIFIERS 


... designed specifically for 550 MHz CATV applications. Features 
ion-implanted arsenic emitter transistors with 7.0 GHz fj and an 
all gold metallization system. 


• Specified for >77 Channel Performance 


• Broadband Power Gain — @ f = 40-550 MHz 
Gp = 14dB (Typ) (a 50 MHz 
14.5 dB (Min) fa 550 MHz 


• 
Broadband Noise Figure 
NF = 7.5 dB (Max) MHW6141 
7.5 dB (Max) MHW6142 


• 
Superior Gain, Return Loss and DC Current Stability with 
Temperature 


• 
All Gold Metallization 


• 7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 70 
dBmV 


DC Supply Voltage 
VCC 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
C 


Storage Temperature Range 
Tstq 
-40 to ^-100 
C 


MHW6141 
MHW6142 


14 dB GAIN 


550 MHz 


77-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 


I 
1 "r 
' 
1 AV ll.IJH .eirliW.AI 
P 


» 
i 
1 t 


i 


..:. 


4-. 
/ 
*;';•• 
• 
; 
» a • 


'•i ! Hrf. 
GET, 


NOTES: 
1. DIMENSION 
Y14 5M, 19S 
2. C0NTR0LL 


NGAJi 


2 
KSD1 


0 T0LERANCI 


ENSI0N: INCH 


L 
« 
'JLI 
>— »nta«uun»lTlial 


STYLE 1 


PIN 1 Rl INPUT 


2 GROUND 
3 GROUNO 
VGPERANSI 
' DElEliD 
5 VDC 
(i DEIETED 
J GROUND 
> GROUNO 
S RT OUTPUT 


DIM 
HUMETBIS 
INCHES 
>.". 
MAX 
MIN 
VAX 


A 
_ 
i\ •• 
_ 
1775 


R 


C 
2642 


;•:•;•• 


2632 
:• 
•: 


1.040 
0810 


•:•: 
0840 


E 
1181 
7.62 


12 95 


8 35 
0465 


0.300 
0510 


0 335 


G 
2 54 BSC 
0100 BSC 


J 
3 96 BSC 
1156 BSC 


K 
K :•'• 
f 53 
331! 
3 3-3: 


L 
3-43 •-•: 
• :: 
BSC 


N 
4 19 BSC 
;••: 
5:3 


P 
. 
: 


0 
376 | 
427 
0148 
1 0168 


R 
- 
1 1511 
- 
1 0595 


S 
38 10 BSC 
!•::•: :=: 


u 
53* BSC 
:::•: 
=;: 


V 
m. esc 
•:;«==: 


w 
1105 1 11.43 
•3 43: 
r;-: 


CASE 714-04 


MOTOROLA RF DEVICE DATA 


5-191 


MHW6141, MHW6142 


ELECTRICAL CHARACTERISTICS (Vcc = 24Vdc, Tc = +30°C, 75 ft system unless otherwise noted) 


Characteristic 
Symbol 


MHW6141 
MHW6142 


Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Frequency Range 
BW 
40 
— 
550 
40 
— 
550 
MHz 


Power Gain — 50 MHz 
Go 
13.5 
14 
14.5 
13.5 
14 
14.5 
dB 


Power Gain — 550 MHz 
GD 
14.5 
— 
— 
14.5 
— 
— 
dB 


Slope 
S 
0.2 
— 
1.5 
0.2 
— 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-550 MHz 
(Zq = 75 Ohms) 
IRL/ORL 
18 
— 
— 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(V0ut = +46 dBmV per ch., Ch 2, Ml3, M22) 
<vout = +44 dBmV per ch., Ch 2, M30, M39) 


IMD 


- 
-75 
-73 
-70 


- 
-78 
-75 
-72 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
XMD60 
XMD77 


- 
-61 
-62 
-59 


- 
-64 
-65 
-62 


dB 


Composite Triple Beat 
(Vout = +46.dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-59 
-58 
-56 


- 
-62 
-65 
-59 


dB 


Noise Figure 
(f = 550 MHz) 
NF 
— 
— 
7.5 
— 
6.5 
7.5 
dB 


DC Current 
'DC 
— 
180 
200 
— 
210 
240 
mA 


MOTOROLA RF DEVICE DATA 


5-192 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
77-Channel (550 MHz) CATV 
Input/Output Trunk Amplifiers 


... designed specifically for 550 MHz CATV applications. Features ion-implanted 
arsenic emitter transistors with 7 GHz fj and an all gold metallization system. 


• Specified for 77-Channel Performance 


• 
Broadband Power Gain — 
(ii 
f 
= 40-550 MHz 
Gp = 17.2 dB(Typ) 
• 
Broadband Noise Figure — fa f = 550 MHz 
NF = 6 dB (Typ) 
• Superior Gain, Return Loss and DC Current Stability with Temperature 
• 
All Gold Metallization 
• 7 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
• 70 
dBmV 


DC Supply Voltage 
vcc 
+ 28 
Vdc 


Operating Case Temperature Range 
Tc 
-20 to +100 
°C 


Storage Temperature Range 
TStq 
-40 Io 
- 100 
=c 


MHW6171 
MHW6172 


17 dB GAIN 
550 MHz 
77-CHANNEL 
CATV AMPLIFIERS 


CASE 714-04, STYLE 1 


ELECTRICAL CHARACTERISTICS (VCc - 24 Vdc. Tc • 
^30CC,75 SIsystem unless otherwise noted) 


Characteristic 
Symbol 
MHW6171 
MHW6172 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Frequency Range 
BW 
40 
— 
550 
40 
— 
550 
MHz 


Power Gain 
50 MHz 
Gp 
168 
17.2 
17.8 
16.8 
17.2 
17.8 
dB 


Slope 
S 
0 
+ 0.5 
• 1.5 
0 
t0.5 
• 1.5 
(IB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-550 MHz 
(Z0 = 75 Ohms) 


IRL/ORL 
18 
— 
— 
18 


— 
— 
dB 


Second Order Intermodulation 
(Vout = +46 dBmV per ch., Ch 2. M13. M22) 
'vout = +44 dBmV per ch., Ch 2. M30, M39) 


IMD 


- 
-80 
-76 
68 


- 
-80 
-78 
-70 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
XMD60 
XMD77 


- 
-60 
-62 
-59 


- 
-63 


65 
-62 


dB 


Composite Triple Beat Noise 
<vout " +46 dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-60 
-58 
56 


- 
-62 
-60 
-59 


dB 


Noise Figure 
450 MHz 
550 MHz 
NF 


- 
5.5 


6 
7 


— 
5.5 


6 
7 
dB 


DC Current 
'DC 
- 
180 
200 
— 
210 
240 
mA 
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The RF Line 


550 MHz CATV AMPLIFIERS 


.. designed specifically for 550 MHz CATV applications. Features 
jn-implanted arsenic emitter transistors with 7.0 GHz fj and an 
II gold metallization system. 


Specified for >77 Channel Performance 


Broadband Power Gain — (a f = 40-550 MHz 
Gp - 18.2dB (Typ) (§ 50 MHz 
18.8 dB (Min) (a 550 MHz 
Broadband Noise Figure <a 550 MHz 
NF 
- 
7.0 dB (Max) MHW6181 
7.0 dB (Max) MHW6182 
Superior Gain, Return Loss and DC Current Stability 
with Temperature 


All Gold Metallization 


7.0 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 70 
dBmV 


DC Supply Voltage 
VCC 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
C 


Storage Temperature Range 
Tstg 
-40 to 
r100 
°c 
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MHW6181 
MHW6182 


18 dB GAIN 


550 MHz 


77-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIERS 
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NOTES. 
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CASE 714-04 


MHW6181, MHW6182 


ELECTRICAL CHARACTERISTICS (VCc = 24 Vdc, Tc = +30°C, 75 n system unless otherwise noted) 


Characteristic 
Symbol 
MHW6181 
MHW6182 
Unit 
Min 
Typ 
Max 
Min 
Typ 
Max 


Frequency Range 
BW 
40 
— 
550 
40 
— 
550 
MHz 


Power Gain — 50 MHz 
GD 
17.7 
18.2 
18.7 
17.7 
18.2 
18.7 
dB 


Power Gain — 550 MHz 
Go 
18.8 
19.2 
20 
18.8 
19.2 
20 
dB 


Slope 
S 
0.5 
— 
2.0 
0.5 
— 
2.0 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
40-550 MHz 
(Z0 = 75 Ohms) 


IRL/ORL 
18 
— 
— 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
<vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39) 


IMD 


- 
-83 
-78 
-70 


- 
-85 
-80 
-72 


dB 


Cross Modulation Distortion 
(vout = + 46 dBmV per ch.) 
60-Channel FLAT 
(V0ut = +44 dBmV per ch.) 
77-Channel FLAT 
XMD60 
XMD77 


- 
-58 
-62 
-59 


- 
-61 
-64 
-62 


dB 


Composite Triple Beat 
(vout = +46 dBmV perch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-58 
-58 
-56 


- 
-62 
-60 
-58 


dB 


Noise Figure 
(f = 550 MHz) 
NF 
— 
— 
7.0 
— 
— 
7.0 
dB 


DC Current 
'DC 


- 
180 
200 
— 
210 
240 
mA 
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The RF Line 


550 MHz CATV AMPLIFIER 


... designed specifically for 550 MHz CATV applications 
ion-implanted arsenic emitter transistors with 7.0 GHz 
all gold metallization system. 


Features 
fy and an 


• 
Specified for 77-Channel Performance 


• 
Broadband Power Gain — 
(a 
f = 40-550 MHz 
Gp = 22dB (Typ) fa 50 MHz 
22 dB (Min) (a 550 MHz 


• 
Broadband Noise Figure (a 550 MHz 
NF 
= 6.0 dB (Max) 


• Superior Gain, Return Loss and DC Current Stability 
with Temperature 


• 
All Gold Metallization 


• 
7.0 GHz Ion-Implanted Transistors 


^TN 
XT! 
Ji|_ ' 
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CASE 714-04 


22 dB GAIN 


550 MHz 


77-CHANNEL 
CATV INPUT/OUTPUT 
TRUNK AMPLIFIER 


CASE 714-04 


NOTES 


• 
[ ven: . •. •.: 
••••- 
;c.E;.v.: ••; 
pep 
••••. 
YM.SM. 19W 
2 CONTROLLING DIMENSION: INCH 


STYLE 1 
• '. • 
•• :-.• 
I GH0UM 


• 
.= :.'.: 
4 DEiETtD 
5 VDC 
• :;.•••: 


7 GROUND 


- 
-...'.. 


DIM 


MILLIMETERS 
INC IES 


MAX 
MIN 
P.IJI 
MIN 


A 
_ 
4508 
— 
1775 


R 
2642 
26.92 
1040 
•:- :• 


C 
2057 
2134 
0SI0 
0 HO 
056 
0018 


:• 
;• 
12 95 
0465 
;si: 


f 
:.-: 
0300 
• BS 
:;:;•: 
1100 BSC 


J 
336 BSC 


« 
!e: 
•31: 


I 
y.~ 
• 
: 
UDB8SC 


u 
4:5=5: 
0165 BSC 


p 
7 54 ESC 
Oil 
BSC 


0 
376 1 
427 
0 148 
01,.. 


R 
- 
1 1511 
- 
1 0595 


s 
:•=::=;: 
1' 
• 
• ' 


1) 
5C6BSC 
uootsc 


V 
••• 
=s: 
::yix. 


w 
. . . 
- ••- 
- 
• 


MOTOROLA RF DEVICE DATA 


5-196 


MHW6222 


ABSOLUTE MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
+ 60 
dBmV 


DC Supply Voltage 
vcc 
+ 28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to +100 
X 


Storage Temperature Range 
Tstg 
-40 to +100 
°C 


ELECTRICAL CHARACTERISTICS (Vcc = 24Vdc, Tc = +30°C, 750 system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
— 
550 
MHz 


Power Gain — 50 MHz 
Go 
21.4 
22 
22.6 
dB 


Power Gain — 550 MHz 
Go 
22 
— 
— 
dB 


Slope 
S 
0.2 
— 
1.5 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.2 
0.4 
dB 


Return Loss — Input/Output 
(Z0 = 75 Ohms) 
40-550 MHz 
IRL/ORL 
18 
— 
— 
dB 


Second Order Intermodulation Distortion 
(Vout = +46 dBmV per ch., Ch 2, M13, M22) 
(Vout = +46 dBmV per ch., Ch 2, M30, M39) 


IMD 


- 
-80 
-72 
-66 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
XMD60 
XMD77 


- 
-60 
-60 
-57 


dB 


Composite Triple Beat 
(Vout = +46 dBmV per ch.) 
60-Channel FLAT 
(Vout = +44 dBmV per ch.) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-61 
-59 
-57 


dB 


Noise Figure 
(f = 550 MHz) 
NF 
— 
5.0 
6.0 
dB 


DC Current 
'DC 
— 
210 
240 
mA 
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The RF Line 
77-Channel (550 MHz) CATV 
Line Extender Amplifier 


• 
Specified for 60- and 77-Channel Performance 


• 
Broadband Power Gain — (a 
f 
= 40-550 MHz 
Gp = 27 dB (Typ) 
• 
Broadband Noise Figure 
NF = 6 dB (Typ) (a 550 MHz 
• 
Superior Gain, Return Loss and DC Current Stability with Temperature 


• 
All Gold Metallization 
• 7 GHz fj Ion-Implanted Transistors 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
'•'„, 
-55 
dBmV 


DC Supply Voltage 
vcc 
-28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to + 100 
C 


Storage Temperature Range 
Tstg 
-40 to +100 
°c 


MHW6272 


27 dB GAIN 


550 MHz 


77-CHANNEL 


CATV AMPLIFIER 


CASE 714-04. STYLE 1 


ELECTRICAL CHARACTERISTICS (VCc = 24 Vdc, TC • 
+30°C, 75 SIsystem unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
- 
550 
MHz 


Power Gain 
50 MHz 
550 MHz 
Gp 
26.2 
27 


27 
27.8 
29.2 
dB 


Slope 
S 
0 
- 
1 
2 
dB 


Gain Flatness (Peak To Valley) 
- 
- 
0.4 
0.8 
dB 


Return Loss — Input/Output (Z0 = 75 Ohms) 
40-450 MHz 
450-550 MHz 


IRL/ORL 
18 


16 


_ 
_ 
dB 


Second Order Intermodulation Distortion 
(Vout = +48 dBmV per ch., Ch 2, 13, R) 
(Vout = +46 dBmV per ch., Ch 2, M6, M15) 
(Vout = +46 dBmV per ch., Ch 2, M13. M22) 
(Vout = +44 dBmV per ch., Ch 2, M30, M39I 


IMD 


- 
-80 
-78 
-76 
-69 
64 


dB 


Cross Modulation Distortion (a Ch 2 
i\i 
l ^c Aa^u „„r ^t, i 
53-Channel FLAT 
(Vout= +46 dBmV perch.) 
60-Channel FLAT 
(Vout= +44 dBmV perch.) 
S2«"2S£ 
77-Channel FLAT 


XMD53 
XMD60 
XMD70 
XMD77 


- 
-63 
-62 
-61 
-59 
-57 


dB 


Composite Triple Beat 
im 
. ac jo„u „„ 
„u > 
53-Channel FLAT 
(V0ut= +46 dBmV perch.) 
60-Channel FLAT 


m 
. aa ao~,\i „„. -k \ 
70-Channel FLAT 
(Vout= ^44dBmV perch.) 
77-Channel FLAT 


TB53 
TB60 
TB70 
TB77 


- 
-63 
-62 
-61 
-59 
-57 


dB 


Noise Figure 
550 MHz 
NF 
- 
6.0 
6.5 
dB 


DC Current 
IDC 
- 
310 
340 
mA 
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The RF Line 
77-Channel (550 MHz) 
CATV Amplifier 


... designed specifically for 550 MHz CATV applications. Features ion-implanted 
arsenic emitter transistors with 7 GHz fj and an all gold metallization system. 


• Specified for 77-Channel Performance 
• 
Broadband Power Gain — (a 
f - 
40-550 MHz 
Gp - 34.5 dB (Typ)@ 50 MHz 
35 dB (Min) (a 550 MHz 
• Broadband Noise Figure (a 550 MHz 
NF = 6 dB (Typ) 
• Superior Gain, Return Loss and DC Current Stability with Temperature 
• 
All Gold Metallization 
• 
7 GHz Ion-Implanted Transistors 


ABSOLUTE MAXIMUM RATINGS 


MHW6342 


34 dB GAIN 
550 MHz 
77-CHANNEL 
CATV AMPLIFIER 


CASE 714-04. STYLE 1 


Rating 
Symbol 
Value 
Unit 


RF Voltage Input (Single Tone) 
Vin 
. 55 
dBmV 


DC Supply Voltage 
VCC 
f28 
Vdc 


Operating Case Temperature Range 
TC 
-20 to -100 
C 


Storage Temperature Range 
Tstg 
-40 to -100 
c 


ELECTRICAL CHARACTERISTICS (VCc - 24 Vdc,TC 
I 30'C, 75 !! system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
40 
- 
550 
MHz 


Power Gain 
50 MHz 
Gp 
33.5 
34.5 
35.5 
dB 


Power Gain 
550 MHz 
GP 
35 
— 
— 
dB 


Slope 
S 
0 
+ 1 
2 
dB 


Gain Flatness (Peak To Valley) 
— 
— 
0.4 
0.8 
dB 


Return Loss — Input/Output 
40-550 MHz 
(Z0 = 75 Ohms) 
450-550 MHz 
IRLORL 
18 
16 


— 
dB 


Second Order Intermodulation Distortion 
'vout = +46 dBmV per ch., Ch 2, M13, M22) 
(V0ut 
' 44 dBmV per ch., Ch 2, M30, M39) 


IMD 


- 
-75 
-70 
6 A 


dB 


Cross Modulation Distortion 
(Vout = +46 dBmV perch.) 
60-Channel FLAT 
(Vout-" 
+44 dBmV perch.) 
77-Channel FLAT 
XMDGo 
XMD77 


- 
-61 
-59 
-57 


dB 


Composite Triple Beat 
'Vout " 
1-46 dBmV perch.) 
60-Channel FLAT 
(Vout 
' 44 dBmV per ch.) 
77-Channel FLAT 
CTB60 
CTB77 


- 
-60 
-58 
-57 


dB 


Noise Figure 
550 MHz 
NF 
- 
5.5 
6.5 
dB 


DC Current 
'DC 
- 
310 
340 
mA 
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Broadband RF Amplifier 


For IBM PC Network and IEEE 
802.7 Modem Applications 


• 
IBM PC Network and Broadband LAN Compatible 
• Extremely Small Size — <8 In2 
• 
2 Mbps Data Rate 
• 
High Selectivity 
• 
High Spectral Purity 
• 
RUGGED — Continuous operation into any load. Can 
withstand input signals to -65 dBmV 
• 
Low Power Consumption (<300 mA (a 12 V) 


• 
Standard CATV Channels 
MHW10000 
T-14, J 
MHW10001 
2', 0 
MHW10002 
3', P 
MHW10003 
T-14, M 


GENERAL DESCRIPTION 


The MHW10000 Series RF Module is designed to pro 
vide the RF functions needed for implementation of a 
complete modem compatible with the IBM PC Network, 
and IEEE 802.7 broadband specifications. It is a full 
duplex, continuous phase frequency shift keyed (CPFSK) 
transceiver. The design is such that the module operation 
is completely compatible with a broadband coaxial cable 
environment such as a fully loaded 60 channel CATVdis 
tribution system. The transmitter occupied bandwidth 
and the receiver selectivity and overload characteristics 
have been controlled so that the module operation is 
completely transparent to the cable system operation. 
The module transmitter operates at a carrier frequency 
of 50.75 to 62.75 MHz (See Table 1) with a total frequency 
deviation of 2 MHz. Transmitter occupied bandwidth is 
controlled by a SAW filter along with careful attention to 
the switching characteristics of the circuitry. 
A companion receiver operates at a center frequency 
of 219 to 255 MHz (See Table 1). The circuitry is capable 
of operating with center frequency offsets up to ± 500 
kHz. RF and IF selectivity in the receiver is sufficient to 
allow normal operation in the presence of a fully loaded 
cable environment with 
no performance degradation. 
The receiver RF selectivity is provided by a two resonator 
bandpass filter at the RF amplifier input and a two reson 
ator filter between the RF amplifier and the mixer. 
Receiver noise bandwidth control and adjacent channel 
selectivity is provided by two cascaded SAW filters in the 
IF circuitry. 
Transmitter output and receiver input circuitry along 
with an input transformer provide the necessary duplex 
ing function in addition to control of the return loss pre 
sented to the cable network in both "on" and "off" con 
ditions. The input transformer also provides protection 
against voltage surges sometimes found on large cable 
systems. 


MHW1 OOOO Series 
iiiiiiiiimit 


Conversion of the analog RF data to the digital data 
stream is provided by a Motorola MC13055 data IC.This 
IC provides the final IF amplification and limiting, the 
quadrature detector, data carrier detect (squelch) and 
data shaper functions. Careful design attention was paid 
to optimizing receiver performance in the presence of 
frequency offsets, transmitter frequency deviation vari 
ations, mark-space tilt, system noise and limit case data 
flag patterns. 
Three on board voltage regulators stabilize the module 
operation in the presence of supply voltage variations 
and noise. Shielding is also provided to allow normal 
operation in strong RF fields as well as the electrically 
noisy environment sometimes found in computing 
equipment. 
Surface mount construction is used to provide an auto 
mated, highly repeatable assembly process. The basic 
card occupies about 8 square inches (2.5 x 3 x 0.4 in.) 
excluding the "F" connector. Input power and data inter 
face lines for the supporting modem circuitry are acces 
sible thru an 18 pin edge connector. Block diagrams of 
both the receiver and transmitter functions are shown in 
Figures 1 and 2. 
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MECHANICAL AND ENVIRONMENTAL SPECIFICATIONS 


GENERAL 


Characteristics 
Specifications 


RF Connector 
F, Female 


Characteristic Impedance, Nominal 
75 Ohms 


Return Loss 
Channel T-14 (Tx on) 
Channel T-14 (Tx off) 
Channel J 
Out-of-channel (10-890 MHz) 


5=16 dB 
&14dB 


5=12 dB 


5*6 dB 


Spurious Output Levels 
Tx off (10-108 MHz) 
Tx on (10-108 MHz) 
Tx on/off (108-890 MHz) 


«-26dBmV 
«-12 dBmV 
«-18dBmV 


Load 
The RF modem is capable of operating continuously into a 
short or open circuit without damage, and is capable of 
withstanding input signal levels as high as 65 dBmV. 


Power 
+ 12 Vdc, ±10%; 
300 mA Max 
Max. ripple of 150 mV 
at frequencies of 
«50kHz 


Size (Nominal, exclusive of "F" 
conn.) 
2.5" x 3* x 0.4" 


TRANSMITTER 


Center Frequency Range 
fc t ± 300 kHz 


Mark Frequency, fm, (nominal) 
fc + 1 MHz 


Space Frequency, fs, (nominal) 
fc - 
1 MHz 


Output Level @ 75 Ohms 
54 dBmV ± 4 dB 


Modulation Technique 
Continuous Phase 
Frequency 
Shift Keying (CPFSK) 


FSK Shift 
2 MHz ± 150 kHz 


Carrier-to-hum 
>43dB 


Carrier-to-noise in 4.2 MHz 
bandwidth within fc ± 8 MHz 
>50dB 


Modulated Spectrum Shape* 
3 dB Bandwidth (nominal) 
Down > 56 dB 
Down > 66 dB 
Down > 72 dB 


3 MHz 
±3 MHz from fc 
±4 MHz from fc 
±6 MHz from fc 


Transmitter, Quiet (RTS Off) 
=s-30dBmV 


RTS Delay ("On" or "Off") 
6 
± 
1 micro-sec. 


•TXD driven by pseudo-random NRZI data at 2 Mbps rate. RTS keyed 
on/off by S.8 kHz, 10% duty cycle squaro wave. 


t See Table 1. 


ENVIRONMENTAL 


Operating Temperature Range 
10X to 50«C 
Storage Temperature Range 
-40°c to ecc 
Operating Humidity Range 
8% to 80% 
(non-condensing) 
Storage Humidity Range 
5% to 100% 
(non-condensing) 


RECEIVER 


Characteristics 
Specifications 


Center Frequency, fc 
t 


Center Frequency Acceptance 
Range (Min.) 
fc ± 400 kHz 


Bandwidth (3 dB, nominal) 
4 MHz 


Local Oscillator Frequency Stability 
0.01% (after 10 min. 
warmup) 


Selectivity (at 6 MHz) 
s=50 dB 


Input Level (nominal) 
8.5 dBmV 


Operating Level Range 
-7to24dBmV 


Carrier Detect Threshold 
-15dBmV ± 4dB 


Carrier Detect Delay 
<7 fts from application 
of input signal of 
-7dBmV 


Data Edge Jitter 
s ± 150 nano-seconds 


Data Symmetry 
Better than ±150 ns; 
-7dBmVto +24 
dBmV, fc ± 400 kHz 


Data Symmetry Settling Time 
12 bits, 6 (is 


Data Output Polarity 
High Frequency 
Input = Mark 


Data Output Level 
TTL Compatible 


Bit Error Rate 
1E-9or better with an 
input level of - 7 
dBmV and S/N of 33 
dB (4.2 MHz bandwidth) 


Table 1. Transmit/Receive Frequencies 


Transmitter 
Receiver 
Center 
Center 
Part Number 
Frequency 
Frequency 


MHW10000 
50.75 MHz 
219 MHz 
MHW10001 
56.75 MHz 
249 MHz 
MHW10002 
62.75 MHz 
255 MHz 
MHW10003 
50.75 MHz 
243 MHz 
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Figure 1. Transmitter Block Diagram 
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eL 
rLC 


Monolithic Microwave 
Integrated Circuit 


... designed for narrow or wideband IF and RF applications in industrial and commercial 
systems up to 3 GHz. 


• 12 dB Gain at 1000 MHz (Typ) 
• 
Fully Cascadable 
• 
50 12 Input and Output Impedance 
• Choice of Package Types 
• 
Low Cost 


• 
Surface Mount 


• 
Hermetic 
• Tape and Reel Package Options 
• 4.0 dBm P0 1 dB, at 500 MHz (Typ) 
• 
Unconditionally stable 


ABSOLUTE MAXIMUM RATINGS (TA - 25=C) 


Parameters 
Symbol 
Ratings 
Unit 


Circuit Current 
'CC 
40 
mAdc 


Input Power, RF 
Pin 
f 16 
dBm 


Bias Voltage 
vcc 
G 
Vdc 


Storage Temperature 
0204 0211L 


0270 
Tstg 
-65 to +150 


- 65 to 
• 200 
°c 


RECOMMENDED OPERATING CONDITIONS 


Parameters 
Symbol 
Ratings 
Unit 


Operating Current 
'cc 
25 
mA 


Source Impedance 
zs 
50 to 75 
!! 


Load Impedance 
ZL 
50 to 75 
!! 


THERMAL CHARACTERISTICS 


Thermal Resistance, Die to Case 
MWA0204 


MWA0211L 
MWA0270 


R»JC 
150 
200 


130 


tw 


DEVICE MARKING 


MWA0211.L = 06 


MWA0204 
MW7HJ2TTU 
MWA0270 


MONOLITHIC 
MICROWAVE 
INTEGRATED 
CIRCUIT 


J 


ELECTRICAL CHARACTERISTICS (TA = 25°C, Ice " 25mA, ZS = ZL = 50!2. unless specified otherwise) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Gain (f = 1000 MHz) 
MWA02040211L 
(f = 100 MHz) 
MWA0270 
GT 
10 
11.5 
12 
12.5 
13.5 
dB 
dB 


Gain Flatness 
(f = DC to 800 MHz — MWA0204/0211L) 
(f = DC to 1500 MHz — MWA0270) 


- 
1 


1 


- 


dB 


Noise Figure (f 
100-1600 MHz) 
NF 


— 
5.5 
- 
— 
dB 
Third Order Intercept Output Power (fi • 480 MHz) 
»2 = 500 MHz) 
(fl 
-- 980 MHz) 
(f2 
1000 MHz) 


rro-i 
IT02 
IT03 
ITO4 


- 


16 


16 


16 
16 


- 


dBm 


Second Order Intercept Output Power (f-| • 480 MHz) 
(f2 = 500 MHz) 
»1 - 980 MHz) 
<f2 - 1000 MHz) 


ISO! 
IS02 
ISO3 
ISO4 


- 


20 
20 


19 
19 


- 


dBm 
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TYPICAL CHARACTERISTICS 
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Figure 1. Gain versus Frequency 
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Figure 3. Input VSWR versus Frequency 
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Figure5. Reverse Isolation versus Frequency 
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Rgure 2. Noise Figure versus Frequency 
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Figure 4. Output VSWR versus Frequency 
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Rgure 6. Output Power versus Power 
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Rgure 7. Bias Currrent versus Bias Voltage 
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Figure 8. Output power at 1 dB Gain Compression 
versus Bias Current 


Table 1 — Typical S-Parameters and Stability Factor K 
MWA0204 


ice 
(mA) 
f 
(MHz) 


S11 
S21 
S12 
S22 


K 
IS11I 
L* 
S21 
(dB) 
1*211 
L4> 
IS12I 
L$ 
!S22l 
L* 


25 
100 
200 
0.106 
0.107 
174.2 
164.4 
12.48 
12.46 
4.21 
4.2 
173.1 
166.5 
0.121 
0.121 
2.3 
3.6 
0.132 
0.131 
-13.5 
-23.3 
1.195 
1.196 


400 
600 
800 


0.093 
0.07 
0.051 


149.5 
126.3 
88.2 


' 12.25 
11.88 
11.63 


4.1 
3.97 


3.81 


153.7 
141.2 
129.4 


0.124 
0.127 
0.134 


5.8 
9.9 


11.1 


0.149 
0.168 
0.19 


-41.1 
-56.4 
-66.9 


1.199 
1.208 
1.2 


1000 
1500 
2000 


0.052 
0.116 
0.156 


41.2 
-20.3 
-45.7 


11.23 
10.15 
9.04 


3.64 
3.22 
2.83 


118 
92.3 
69.3 


0.139 
0.16 
0.182 


13.3 
15.2 
14 


0.201 
0.228 
0.235 


-74 
-85.1 
-95.8 


1.208 
1.19 
1.177 


2500 
3000 
3500 


0.145 
0.083 
0.043 


-64.4 
-89.6 
143.7 


8.05 
7.06 
6.29 


2.53 
2.25 
2.06 


48.7 
28.8 
10.3 


0.207 
0.229 
0.249 


9.9 
5.4 
-0.9 


0.23 
0.225 
0.224 


-107.8 
-123.3 
-143.5 


1.17 
1.179 
1.17 


4000 
5000 
6000 


0.153 
0.421 
0.644 


96.5 
66.5 
49.2 


5.31 
2.89 
-0.14 


1.84 
1.39 
0.98 


-8.1 
-41.5 
-68.6 


0.262 
0.278 
0.277 


-7.6 
-18.8 
-29.8 


0.221 
0.238 
0.318 


-160.7 
162 
123.8 


1.181 
1.163 
1.096 
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Table 2 — Typical S-Parameters and Stability Factor K 
MWA0211L 


'cc 
(mA) 


f 
(MHz) 


S11 
S21 
S12 
S22 


K 
Pill 
L4> 
S21 
(dB) 
|S21I 
L4> 
IS12I 
L* 
IS22I 
A* 


25 
100 
200 
0.093 
0.093 
172.7 
167.3 
12.7 
12.66 


4.31 
4.3 
173.8 
167 
0.121 
0.122 
1.4 
3.6 
0.142 
0.144 
-11.7 
-23.2 
1.179 
1.178 


400 
600 
600 


0.083 
0.082 
0.071 


151.7 
142.5 
137.1 


12.48 
12.26 
11.97 


4.21 
4.1 
3.97 


153.8 
141.4 
129.5 


0.125 
0.128 
0.136 


7.2 
10.1 
13 


0.158 
0.171 
0.186 


-47.7 
-69.6 
-86.4 


1.196 
1.178 
1.161 


1000 
1500 
2000 


0.066 
0.036 
0.069 


127.2 
140.1 
151.9 


11.57 
10.52 
9.28 


3.79 
3.36 


2.91 


117.4 
90.7 
66.6 


0.141 
0.166 
0.191 


12.9 
16.3 
14.8 


0.206 
0.233 
0.248 


-103.3 
-127.8 
-153.8 


1.163 
1.126 
1.116 


2500 
3000 
3500 


0.11 
0.179 
0.289 


173.4 
153.5 
146 


8.08 
6.84 
5.56 


2.54 
2.2 
1.9 


57.3 
37.9 
20.1 


0.214 
0.231 
0.237 


20.8 
15.3 
7.9 


0.265 
0.228 
0.224 


-156.4 
-167 
-173.6 


1.105 
1.142 
1.155 


4000 
5000 
6000 


0.342 
0.487 
0.573 


132.4 
107.5 
89.7 


4.37 
1.86 
-0.74 


1.65 
1.24 
0.92 


4.6 
-22.8 
-44.5 


0.252 
0.259 
0.26 


2.6 
-6.2 
-14.8 


0.194 
0.237 
0.356 


-171.1 
177 
159.2 


1.183 
1.205 
1.222 


Table 3 —Typical S-Parameters and Stability Factor K 
MWA0270 


'CC 
(mA) 


f 
(MHz) 


S11 
S21 
S12 
S22 


K 
IS11I 
L4> 
S21 
(dB) 
IS21I 
L4> 
I812I 
L<t> 
IS22I 
t-4> 


25 
100 
200 


0.111 
0.1 
179 
177.4 


12.6 
12.56 
4.27 
4.25 
175.2 
170.4 
0.121 
0.122 
1.3 


2 
0.146 
0.147 
-10.6 
-19.6 
1.178 
1.18 


400 
600 
800 


0.087 
0.072 
0.065 


176.4 
179.7 
-171 


12.49 
12.46 
12.36 


4.21 
4.2 
4.15 


161.2 
152 
142.7 


0.122 
0.125 
0.128 


3.7 
5.6 


7.1 


0.154 
0.171 
0.183 


-36.9 
-54.3 
-66.3 


1.187 
1.172 
1.161 


1000 
1500 
2000 


0.061 
0.116 
0.205 


-151.1 
-119.9 
-126.9 


12.28 
11.82 
10.99 


4.11 
3.9 
3.55 


133.5 
109.9 
86.8 


0.132 
0.145 
0.159 


8.2 
10 
8.7 


0.195 
0.211 
0.208 


-77.6 
-99 
-111 


1.145 
1.093 
1.057 


2500 
3000 
3500 


0.276 
0.33 
0.364 


-141.9 
-157.6 
-171.1 


9.86 
8.53 
7.11 


3.11 
2.67 
2.27 


65.6 
47.3 
31.1 


0.17 
0.177 
0.183 


5.7 
2.1 
-0.4 


0.186 
0.188 
0.206 


-118.7 
-116.5 
-116.1 


1.063 
1.096 
1.154 


4000 
5000 
6000 


0.362 


0.401 
0.407 


176.8 
156 
138.1 


5.76 
3.39 
1.35 


1.94 
1.48 
1.17 


17.5 
-5 
-23.6 


0.186 
0.19 
0.196 


-3.7 
-8 
-11.7 


0.237 
0.321 
0.422 


-120.5 
-135.4 
-149.2 


1.229 
1.373 
1.456 
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TYPICAL CHARACTERISTICS 
(MWA0270 ONLY) 
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Rgure 9. Gain versus Bias Current 
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Rgure 10. Output Power at 1 dB Gain Compression 
Noise Rgure and Gain versus Temperature 


MMIC AMPLIFIER APPLICATIONS INFORMATION 


SUPPLY VOLTAGE 


OUT 


Rgure 11. Typical Biasing Configuration 


Operation 
Operation of the Monolithic Microwave Integrated Cir 
cuit as an amplifier is achieved by simply connecting it 
to 50 ohm driving source and load impedances with dc 
blocking capacitors at both input and output. 


DC Bias 
A positive current must be supplied to the device 
output terminal. Power supply decoupling elements must 
includeresistivecurrent limiting. Device output voltage 
at the recommended operating current of 25 mA is 
typically 5 Vdc, see Fig. 7, RDjas (Figure 9) is selected to 
permit the device to draw 25 mA. For example, when 
operating with a 12 Vdc supply: 


(12—5) 
"bias = -q^ = 280 ohms 


The nearest standard value of 270 ohms would suffice. 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 


the 50 fi load impedance to minimize RFgain reduction. 
Theloss ingaindueto the decoupling impedance isgiven 
by the equation: 


Loss = - 20 Log 
2D 
Zd + 25 
dB 


where Zp = decoupling impedance in ohms. For exam 
ple, if Zq = 1 kn. Loss = 0.214 dB. 
The RF choke is not mandatory, but including it 
improves gain by raising the dc supply voltage decou- 
bling impedance. 4 turns of #26 AWG enameled wire 
wound on a ferrite bead is suggested for the choke. 


Low Frequency Response 
The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
valueto yield a desired3 dBlowfrequency corner(f|_FC>- 


cBlock(Farads) = 
1 
100 ir fLFC(Hz) 
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Monolithic Microwave 
Integrated Circuit 


... designed for narrow or wideband IF and RF applications in industrial and commercial 
systems up to 3 GHz. 


• 
12 dB Gain at 500 MHz (Typ) 
• 
Fully Cascadable 
• 
50 S2Input and Output Impedance 
• Choice of Package Types 


• Low Cost 


• Surface Mount 


• Hermetic 
• Available In Both Standard Profile (MWA0311) and Low Profile (MWA0311L) 
• Tape and Reel Packaging Options 
• 10.5 dBm Po 1 dB at 500 MHz (Typ) 
• 
Unconditionally Stable 


ABSOLUTE MAXIMUM RATINGS (TA = 25°C) 


Parameters 
Symbol 
Ratings 
Unit 


Circuit Current (Note 1) 
ice 
40 
mAdc 


Input Power. RF 
Pin 
- 16 
dBm 


Bias Voltage 
vcc 
6 
Vdc 


Storage Temperature 
0304 0311L 
0370 
Tstg 
-65 to +150 
-65 to +200 


°C 


Junction Temperature 
0304 0311L 
0370 
Tj 
150 
200 
•c 


RECOMMENDED OPERATING CONDITIONS 


Parameters 
Symbol 
Ratings 
Unit 


Operating Current 
'CC 
35 
mA 


Source Impedance 
zs 
50 to 75 
n 


Load Impedance 
ZL 
50 to 75 
n 


THERMAL CHARACTERISTICS 


Thermal Resistance, Die to Case 
MWA0304 
MWA0311L 
MWA0370 


R-uc 
150 
200 
130 


"C/W 


DEVICE MARKING 


MWA0311L - 
14 


MWA0304 
MWA0311L 
MWA0370 


MONOLITHIC 
MICROWAVE 
INTEGRATED 
CIRCUIT 


CASE 317-01. STYLE 3 
MWA0304 


% 


CASE 318A-05. STYLE 4 


MWA0311L 


CASE 303A-01. STYLE 3 
MWA0370 


ELECTRICAL CHARACTERISTICS (TA = 25'C. Ice = 35 mA,Zs - ZL = 50 1!,unless specifiedotherwise) 


Characteristic 


Gain (f - 
500 MHz) 


Gain Flatness 
(f = DC to 800 MHz — MWA0304 0311L) 
(f 
DC to 1600 MHz — MWA0370) 


Noise Figure (f = 100-1500 MHz) 


Third Order Intercept Output Power (fi = 480 MHz, <2 = 500 MHz) 


Third Order Intercept Output Power (f-| = 980 MHz.f2 = 1000 MHz) 


Second Order Intercept Output Power (Fi = 480 MHz,(3 = 500 MHz) 


Second Order Intercept Output Power (fi = 980 MHz, 13 = 1000 MHz) 


Symbol 


GT 


NF 


ITOi 


IT02 


ISO, 


IS02 


Note 1: Based on maximum junction temperature and assumed MTBF ol at least 10 years. 


Min 
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Typ 
Unit 


dB 


dB 


dBm 


dBm 


dBm 


14 


12 


I 
10 


MWA0304, MWA0311L, MWA0370 


. WVA0370 


^ wao: 11L 


MVW )304' 


* 
6 


a 
5.s 


•cc = 50 mA 
—1—1 
"cc = 
i—i— 
20 mA. 
-' 


^l(X= 35mA 
1 
1 
1 


0 
1000 
2000 
3000 
4000 
5000 
6000 
FRQUENCYIMHz) 


Figure 1. Gain versus Frequency 


200 
400 
600 
800 
1000 
1200 
1400 
1600 
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Rgure 2. Noise Rgure versus Frequency 


MWA0304 


Frequency 
S11 
S11 
S21 
S21 
S21 
S« 
S« 
S22 
S22 
K 
(MHz) 
(mag) 
(ang) 
(dB) 
(mag) 
(ang) 
(mag) 
(ang) 
(mag) 
(ang) 


100 
0.059 
168.5 
12.61 
4.27 
172.9 
0.123 
3.2 
0.169 
-10.3 
1.18 
200 
0.052 
156.9 
12.57 
4.25 
166.3 
0.124 
2.9 
0.173 
-18.8 
1.18 
400 
0.044 
125.1 
12.35 
4.15 
153.3 
0.124 
6.1 
0.183 
-35.6 
1.19 
600 
0.034 
72.6 
12.11 
4.03 
140.7 
0.131 
9.2 
0.199 
-49 
1.18 
800 
0.052 
19.1 
11.75 
3.87 
128.5 
0.134 
11.5 
0.21 
-58.2 
1.19 
1000 
0.08 
-4.8 
11.37 
3.7 
116.9 
0.144 
13.2 
0.219 
-66.9 
1.17 
1500 
0.155 
-41.1 
10.23 
3.25 
90.3 
0.162 
14.8 
0.243 
-78 
1.16 
2000 
0.185 
-61.7 
9.08 
2.84 
67.2 
0.185 
13 
0.244 
-87.9 
1.16 
2500 
0.153 
-83 
8.03 
2.52 
45.9 
0.207 
10.1 
0.235 
-100.1 
1.16 
3000 
0.085 
-122 
7.03 
2.25 
25.9 
0.229 
5.4 
0.23 
-114.1 
1.17 
3500 
0.077 
140.5 
6.09 
2.01 
7.25 
0.243 
-1 
0.231 
-133 
1.19 
4000 
0.186 
93.7 
5.08 
1.79 
-11 
0.258 
-6.7 
0.23 
-149.4 
1.19 
5000 
0.443 
62.4 
2.7 
1.36 
-43.7 
0.279 
-17.4 
0.236 
173.2 
1.14 
6000 
0.648 
44.6 
-0.22 
0.97 
-70.7 
0.287 
-31 
0.274 
127.6 
1.09 


Figure 3. Typical S S-Parameters and Stability Factor K 
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Rgure 4. Input VSWR versus Frequency 
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Rgure 5. Output VSWR versus Frequency 


MWA0311L 


Frequency 
S11 
S11 
S21 
S21 
S21 
S12 
Sl2 
S22 
S22 
K 


(MHz) 
(mag) 
(ang) 
(dB) 
(mag) 
(ang) 
(mag) 
(ang) 
(mag) 
(ang) 


100 
0.092 
173.7 
12.8 
4.37 
174.3 
0.119 
1.5 
0.134 
-12.8 
1.19 


200 
0.089 
166.7 
12.77 
4.35 
168.8 
0.119 
5 
0.139 
-21.3 
1.19 


400 
0.078 
155.4 
12.62 
4.27 
158.3 
0.127 
7.3 
0.149 
-42 
1.16 


600 
0.074 
143.6 
12.47 
4.2 
147.9 
0.129 
13.4 
0.165 
-58.5 
1.16 


800 
0.06 
135.7 
12.19 
4.07 
137.9 
0.132 
16.6 
0.176 
-72 
1.17 


1000 
0.05 
133.2 
11.85 
3.91 
128.5 
0.139 
19.1 
0.192 
-84.9 
1.16 


1500 
0.035 
176.3 
10.97 
3.53 
105.4 
0.162 
24.1 
0.221 
-107.3 
1.12 


2000 
0.083 
-159.1 
9.88 
3.12 
84.4 
0.184 
25.9 
0.209 
-127 
1.1 


2500 
0.15 
-171.1 
8.64 
2.7 
66.3 
0.198 
26 
0.199 
-139.8 
1.12 


3000 
0.214 
173.4 
7.38 
2.34 
50.2 
0.22 
23.5 
0.215 
-146.9 
1.11 


3500 
0.276 
161.7 
6.1 
2.02 
36.8 
0.233 
22.7 
0.226 
-148.7 
1.13 


4000 
0.334 
150.7 
4.9 
1.76 
24.7 
0.238 
22.3 
0.234 
-145.3 
1.16 


5000 
0.414 
131.5 
2.64 
1.36 
5.24 
0.259 
19.6 
0.277 
-140.5 
1.17 


6000 
0.5 
113.2 
0.56 
1.07 
-10.5 
0.284 
17.3 
0.327 
-151.2 
1.14 


Rgure 6. Typical S-Parameters and Stability Factor K 
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Rgure 7. Reverse Isolation versus Frequency 
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Rgure 8. Output Power At 1 dB Gain Compression 
versus Bias Current 


MWA0370 


Frequency 
S11 
Sll 
S21 
S21 
S21 
S12 
S12 
S22 
S22 
K 
(MHz) 
(mag) 
(ang) 
(dB) 
(mag) 
(ang) 
(mag) 
(ang) 
(mag) 
(ang) 


100 
0.046 
-178.6 
12.84 
4.39 
175.2 
0.12 
1.1 
0.181 
-8.8 
1.17 
200 
0.045 
-178.4 
12.84 
4.38 
170.5 
0.121 
2.2 
0.178 
-15.6 
1.17 
400 
0.037 
-174.5 
12.8 
4.37 
161.3 
0.122 
4.6 
0.185 
-29.7 
1.17 
600 
0.028 
-156.5 
12.76 
4.34 
151.9 
0.125 
6.7 
0.191 
-44 
1.15 
800 
0.031 
-125.5 
12.68 
4.31 
142.7 
0.129 
8.4 
0.198 
-56.9 
1.14 
1000 
0.047 
-104.5 
12.59 
4.26 
133.2 
0.133 
10.4 
0.205 
-68.5 
1.12 
1500 
0.122 
-99.6 
12.11 
4.03 
109.5 
0.147 
12.1 
0.216 
-92.8 
1.07 
2000 
0.201 
-114.8 
11.24 
3.65 
86.8 
0.162 
11 
0.213 
109.7 
1.04 
2500 
0.27 
-134 
10.09 
3.2 
65.5 
0.176 
8.4 
0.203 
-117.5 
1.03 
3000 
0.32 
-151.4 
8.73 
2.73 
47.4 
0.185 
5.3 
0.2 
-117.6 
1.06 
3500 
0.354 
-166.1 
7.34 
2.33 
31.2 
0.19 
1.9 
0.221 
-116.8 
1.11 
4000 
0.366 
-179.6 
6.02 
2 
18.2 
0.196 
-0.4 
0.256 
-118.1 
1.16 
5000 
0.389 
158.3 
3.68 
1.53 
-3.4 
0.205 
-5.1 
0.335 
-126.2 
1.26 
6000 
0.394 
137.8 
1.73 
1.22 
-21.9 
0.214 
-9.2 
0.414 
-137.1 
1.33 


Rgure 9. Typical S-Parameters and Stability Factor K 
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Rgure 10. Power Gain versus Bias Current 
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Rgure 12.Output Power at 1 dB GainCompression, 
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Rgure 11. Bias Current versus Bias Voltage 
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Rgure 13. Output Power versus Input Power 
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MMIC AMPLIFIER APPLICATIONS INFORMATION 


"bias 


SUPPLYVOLTAGE 


Figure 14. Typical Biasing Configuration 


Operation 
Operation of the Monolithic Microwave Integrated Cir 
cuit as an amplifier is achieved by simply connecting it 
to 50 ohm driving source and load impedances with dc 
blocking capacitors at both input and output. 


DC Bias 
A positive current must be supplied to the device out 
put terminal. Power supply decoupling elements must 
include resistive current limiting. Device output voltage 
at the recommended operating current of 35 mA is typ 
ically 5 Vdc (see Fig. 11) R0jas (Figure 9) is selected to 
permit the device to draw 35 mA. For example, when 
operating with a 12 Vdc supply: 


Rbias - 
(12-5) 


0.035 
200 ohms 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 ft load impedance to minimize RFgain reduction. 


The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = -20 Log Zd + 25 
dB 


Where Zp = decoupling impedance in ohms. For exam 
ple, if Zq = 1 kn, Loss = 0.214 dB. 
The RF choke is not mandatory, but including it 
improves gain by raising the dc supply voltage decou 
pling impedance. 4 turns of #26 AWG enameled wire 
would on a ferrite bead is suggested for the choke. 


Low Frequency Response 
The value of the blocking capacitors determines the 
low frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value to yield a desired 3 dB lowfrequency corner (f|_Fd- 


CBIock(Farads) = 
1 
100 t fLFC(Hz) 
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The RF Line 


WIDEBAND HYBRID AMPLIFIERS 


... single stage amplifiers designed for broadband linear applications 
up to 400 MHz. 


• 
Low-Cost TO-39 Type Package 


• 
Gain 14 dB Typ 


• 
50 H Input and Output Impedance 


• 
Fully Cascadable for Any Gain 


• 
Thin Film Construction 


• 
Hermetic Package 


• 
Guaranteed Performance from -25°C to +125°C 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MWA110 |MWA120 |MWA130 


RF Input Power 
Pin 
mW 


DC Supply Current 
ID 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
TC 
•c 


Storage Temperature Range 
Tsta 
°C 


OPERATING CONDITIONS 


Device Voltage 
VD 
2.9 
5.0 
5.5 
Vdc 


Device Current 
Id 
10 
25 
60 
mAdc 


Decoupling Impedance 
Zd 
620 
620 
240 
fi 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rfljc 
110 
°c/w 
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MWA110 
MWA120 
MWA130 


DC-400 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


SSTtsrj 


-II- Din 
G !-•- |+|<»0.36(0.014|®|T| 


STYLE 2: 
PIN 1. INPUT 
2. OUTPUT 
3. GROUND 


NOTES: 
1. DIMENSIONINGAND T01ERANCING PERANSI 
Y14.5M. 1932. 
2. CONTROLLING DIMENSION: INCH. 


DM 
MLUMCTERS 
INCHES 
UN 
MAX 
MN 
MAX 


A 
8.51 
939 
0.335 
0.370 


B 
7.75 
150 
0.305 
0.335 


C 
Ml 
4.57 
0.165 
0.185 


D 
0.41 
0.48 
0.016 
0.019 


G 
5.08 BSC 
0203 BSC 


H 
0.72 
086 
0.023 
0.034 


J 
0.74 
1.14 
0.O29 
0.045 


K 
12.70 
— 
0.500 
— 


M 
45° BSC 
45* BSC 


N 
2.54 BSC 
0tOO BSC 


CASE 31A-03 


MWA110, MWA120, MWA130 


ELECTRICALCHARACTERISTICS (Tc=-25to+125°C, 50n system and specified operating conditions) 


Characteristic 
Symbol 
Mln 
Typ 
Max 
Unit 


Frequency Range 
BW 
0.1 
- 
400 
MHz 
Power Gain (f = 100 MHz) 
Gp 
13 
14 
- 
dB 
Response Flatness 
F 
- 
0 
±1.0 
dB 
Input VSWR 
MWA110/120 
MWA130 


- 


_ 
_ 
2.5:1 
3:1 


_ 


Output VSWR 
MWA110/120/130 
- 
- 
- 
2.5:1 
- 
Output @ 1 dB Gain Compression 


MWA110 
MWA 120 


MWA 130 


- 
-2.5 
+8.2 


+18 


.- 


dBm 


Norse Figure 


MWA110 
MWA 120 
MWA 130 


NF 


- 
4.0 
5.5 
7.0 


- 


dB 


Reverse Isolation 


MWA110 
MWA 120 
MWA 130 


pRI 


- 
18.8 
19.2 
16.8 


- 


dB 


Harmonic Output 
MWA110(Pout =-9dBm) 
MWA120(Pout-0dBm) 
MWA130 (Pout =+10 dBm) 


dso 


- 


-24 
-34 
-35 


- 


dB 


FIGURE 1 - 
DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 3 - POWER GAIN versus FREQUENCY 
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FIGURE 2 - 
DEVICE CURRENT versus CASE TEMPERATURE 
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FIGURE 4 - POWER GAIN versus DEVICE CURRENT 
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FIGURE 10- INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
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FIGURE 12 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
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FIGURE 11 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY 
MWA120 


-J50 


Coordinates in Ohms 


FIGURE 13 - 
1.0 dB GAIN COMPRESSION versus FREQUENCY 
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FIGURE 14 - 
1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT 
f = 400 MHz 
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FIGURE 16 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 18 - 
SECOND HARMONIC OUTPUT versus FREQUENCY 
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FIGURE 15 - 
1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE 
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FIGURE 17 - 
REVERSE ISOLATION versus FREQUENCY 
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FIGURE 19 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 20 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 22 - 
INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA110 
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FIGURE 24- INTERMODULATION DISTORTION 
versus POWER OUTPUT 
MWA130 
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FIGURE 21 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 23- INTERMODULATION DISTORTION 
versus POWER OUTPUT 
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FIGURE 25 - 
GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA series hybrid amplifiers are designed for 
wideband general purpose applications in 50 ft systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 26 shows the basic internal circuit. It is impor 
tant to note that the specified operating conditions of 
voltage, current, and external decoupling impedance 
must 
be 
applied 
to 
the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 - 
INTERNAL CIRCUIT 


Amplifier Application 
The 
circuit 
schematic for 
a simple amplifier design 
is shown in Figure 27. 
External 
to the 
MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 H load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = 20 Log 
dB 
ZD + 25 


where Zq = decoupling impedance in ohms. For example, 
if Zq= 1 kI2, Loss = 0.214 dB. 


FIGURE 27 - AMPLIFIER SCHEMATIC DIAGRAM 


SOU 
Sourco 


! 
Decoupling 
Impodanco (Zq) 
50 12 
—\{ 
O Load 
cBiock 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (Rq) determines the supply voltage (+Vcc) and is 
determined by the following equation: 


Vcc = RD * lD + Vq 
where lp and Vq are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


ID = 10 mA 
Vq =2.9 V 


and, if Rp = 330 $2, then 


VCC = 6.2 V 


More commonly Vcc 's predetermined and Rp may be 
calculated from: 


VCC - Vq 
RD = 
"D 
An RF choke is not recommended for use as a decou 
pling impedance without also using a resistor having 
an appropriate value. 


Low Frequency Response 
The value of 
the 
blocking capacitors determines the 
low frequency 
response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value 
to 
yield 
a desired 
3 dB low 
frequency corner 


<'LFC>- 


CBIock(Farads) = 
1 
100 n fLFCiHz) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 - TEST FIXTURE 


Grounding Scrowi 


Blocking Capacitor 
(Ceramic Chip) 


Bypass Capacitor 
(Ceramic Chip) 
cc Supply 


Circuit Board 


Mountod on 
Aluminum Block 


50 St Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


The circuitry indicated is on iho underside o< the printed circuit board with sockets lor the 
amplifier pins. The esse ol the amplifier should contact the printed circuit board top surface to 
ensuro effective RF grounding. 
Text Fixture 
The 50 SI input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 SI microstrip transmission lines. Figure 28 is 
an 
example of 
a circuit board layout which 
utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 


dielectric constant and thickness. The table lists appro 
priate line widths for 50 SI microstrip lines on commonly 


used circuit board materials. 


RFInput>-3 
If 
J. 
CI 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 


Toflon- 
Fiberglass 


Fiberglass 
Epoxy 


2.5 


f.O 


0.03125 
0.0625 


0.0625 


0.090 


0.180 


0.100 


As 
in all good 
RF 
circuit designs, care 
should be 
taken 
to 
minimize 
parasitic 
lead 
inductances and to 
provide adequate grounding. 


FIGURE 29 - 
TYPICAL CASCADE 


O—0—r-D-Q-o +vcc 


rH 


0-<RF Output 


MWA01 
MWA #2 
MWA #3 
The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground) as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


C1 — For operation to 400 MHz. 1000 pF, 50 mil Chip Capacitor - 
ATC 50 mil Case (5.0 MHz L.F.) 
C1 — For operation to 1000 MHz, 0.018 mF. Chip Capacitor for 
0.25 MHz L.F. Cut-Off 
C2 — Feedthru Capacitor Centralab SFT-102,1000 pF or Metuchen 
54-794002-681M, 680 pF 
C3 — 0.1 MFSprague 3CZ5U1O4XO050C5 - 50 Volt 
Ll — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire 
L2 — Ferroxcube Shielding Bead 56-5S0-65/4A - 2 Turns #26 AWG 


Cascading 
The 
inherent stability of 
the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29shows a typical 3 hybrid 
cascade with measured data foi 400 MHz 
and 
1000 MHz 
hybrids. 


Cascade 1 
Cascade 2 


Frequency Range 
0.25 to 400 MHi 
5.0 to 1000 MHz 


Gain 
43.5 dB 
20.5 dB 


Gain Flatness 
±1.0dB 
•0.75dB 


Input VSWR 
2.0:1 
2.4:1 


Output VSWR 
1.2:1 
2.1:1 


VCC Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
150 mAdc 


MWA #1 
MWA110 
MWA320 


MWA #2 
MWA110 
MWA330 


MWA 03 
MWA120 
MWA330 


R1 
1000 R 
1000 ft 


R2 
1000 ft 
soon 


R3 
300 ft 
500 ft 
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The RF Line 
Wideband Hybrid Amplifier 


... single stage amplifiers designed for broadband linear applications up to 400 MHz. 
• 
Low-Cost TO-39 Type Package 
• 
Gain 15 dB Typ @ f = 100 MHz 
• 50 ft Input and Output Impedance 
• 
Fully Cascadable for Any Gain 
• 
Thin Film Construction 
• Hermetic Package 
• 
Guaranteed Performance from -25°Cto +125°C 
• 20 dBm P0 1.0 dB Typ (100 MHz) 


MAXIMUM RATINGS 


MWA131 


DC-400 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIER 


CASE 31A-03. STYLE 2 


Rating 
Symbol 
Value 
Unit 


RF Input Power 
Pin 
100 
mW 


DC Supply Current 
ID 
120 
mA 


Maximum Case Temperature 
TC 
125 
•c 


Storage Temperature Range 
Tstg 
-65 to +200 
•c 


OPERATING CONDITIONS 


Device Voltage 
vD 
5.5 
Vdc 


Device Current 
id 
SO 
mAdc 


Decoupling Impedance 
zd 
240 
n 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
60 
oc/w 
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ELECTRICAL CHARACTERISTICS (Tc = -25 to +125°C,5011 system and specified operating conditions) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
0.1 
- 
400 
MHz 


Power Gain (f = 100 MHz) 
Gp 
13 
14 
. 
- 
dB 


Response Flatness 
F 
- 
0 
±1.0 
dB 


Input VSWR (f = 400 MHz) 
— 
— 
- 
3:1 
- 


Output VSWR (f = 400 MHz) 
- 
- 
- 
2:1 
- 


Output @ 1.0 dB Gain Compression (f = 100 MHz) 
(f = 400 MHz) 
20 
19 
— 
dBm 


Noise Figure (f = 400 MHz) 
NF 
- 
5.0 
- 
dB 


Reverse Isolation (f = 400 MHz) 
PRI 
— 
18 
- 
dB 


Harmonic Output — 2nd Order (f = 400 MHz. P0ut = +10 dBm) 
dso 
— 
-35 
— 
dBc 


Second Order Intercept P0 (f-| = 380 MHz, f2 - 400 MHz) 
ISO 
— 
50 
- 
dBm 


Third Order Intercept P0 (fi = 380 MHz,f2 = 400 MHz) 
ITO 
- 
30 
- 
dBm 


6 


5 


40 
50 
60 
70 
80 
SO 
100 
110 
120 


lD, DEVICE CURRENT (mA) 


Rgure 1. Device Voltage versus Device Current 
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Figure 3. Power Gain versus Frequency 
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Figure 2. Device Current versus Case Temperature 
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Rgure 4. Power Gain versus Device Current 
f = 400 MHz 
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f = 100 MHz 


f = 400 MHz 
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Rgure S. Power Gain versus Case Temperature 
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Rgure 6. VSWR versus Frequency 


Rgure 7. Sii and S22 versus Frequency 
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Rgure 8. Output Power at 1.0 dB Gain 
Compression versus Frequency 
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Rgure 9. Output Power at 1.0 dB Gain 
Compression versus Device Current 
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Rgure 11. Noise Figure versus Frequency 
Figure 10. Output Power at 1.0 dB Gain 
Compression versus Case Temperature 
f = 400 MHz 
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Figure 12. Noise Figure versus Temperature 
f = 400 MHz 
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Rgure 13. Reverse Isolation versus Frequency 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The 
MWA 
series hybrid amplifiers are designed 
for 
wideband general purpose applications in 50 SI systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 26 shows the basic internal circuit. It is impor 
tant to 
note that the specified operating conditions of 
voltage, 
current, 
and 
external 
decoupling 
impedance 
must 
be 
applied 
to 
the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 - 
INTERNAL CIRCUIT 


Amplifier Application 
The circuit 
schematic for 
a simple amplifier design 
is shown 
in 
Figure 27. 
External 
to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In 
all cases the external bias 
(decoupling elements) 
must present an impedance which is large compared to 
the 50 SI load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = - 20 Log 
dB. 
ZD + 25 


where Zq = decoupling impedance in ohms. For example, 
if Zq = 1 kSl. Loss = 0.214 dB. 


FIGURE 27 - AMPLIFIER SCHEMATIC DIAGRAM 


♦vcc 9 
cBvpo»t 


Decoupling 
Importance 
(Zq) 
50 il 
-|( 
O Load 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (Rq) determines the supply voltage (+Vcc) and 's 
determined by the following equation: 


Vcc= Rd x 'D + Vq 


where Id and Vq are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


ID = 10 mA 
VD =2.9 V 


and. if Rq = 330 SI. then 


Vcc a 6.2 V 


More commonly Vcc 's predetermined and Rq may De 
calculated from: 
vCc - Vq 
Rd 
ID 


Low Frequency Response 
The value of 
the blocking capacitors determines the 
low 
frequency response of the amplifier. The following 
expression is used to determine the blocking capacitor 
value 
to 
yield a desired 
3 dB 
low 
frequency corner 


<*LFC>- 


cBlock(Farads) 
1 
100rrfLFC(Hz) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 


be 
small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 - TEST FIXTURE 


Grounding Screws 


Blocking Capacitor 
(Ceramic Chip) 


Text Fixture 
The 50 SI input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 SI microstrip transmission lines. Figure 28 is 
an 
example 
of 
a 
circuit 
board layout which 
utilizes 
microstrip transmission lines 
in conjunction with other 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro 
priate line widths for 50 SI microstrip lines on commonly 


used circuit board materials. 


RF lnput> 


Circuit Board 
Mounted on 
Aluminum Block 


50 12 Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


Bypass Capacitor 
ICeramic Chip) 


Note: The circuitry indicated is on the underside ol the printed circuit board with sockets lor the 
amplifier pins 
The case ol the amplilier should contact the printed circuit board top surlace to 
ensure el'ective RF grounding 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 


Tetlon- 
Fiberglass 


Fiberglass 
Epo»v 


2 
5 


SO 


0 03125 
0.0625 


0.0625 


0.090 
0.180 


0.100 


As 
in 
all 
good 
RF 
circuit designs, care should be 
taken 
to 
minimize 
parasitic 
lead 
inductances and to 
provide adequate grounding. 


FIGURE 29 - TYPICAL CASCADE 


L2 
D—@—t—O-Q-o ♦VCC 


S—(RF Output 


MWA01 
MWA #2 
MWA #3 
The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin 03 (Ground) as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


Ci — For operation to 400 MHz. 1000 pF. 50 mil Chip Capacitor - 
ATC 50 mil Case (5.0 MHz L.F.) 
CI — For operation to 1000 MHz.0.018 mF. Chip Capacitor lor 
0.25 MHz L.F. Cut-Off 
C2 — Feedthru Capacitor Centralab SFT-102.1000 pF or Metuchen 
54-794002-681M. 680 pF 
C3 —0.1 >iF Sprague 3CZ5U104X0050C5 - 50 Volt 
Li — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire 
L2— Ferroxcube Shielding Bead 56-590-65/4A - 2 Turns #26 AWG 


Cascading 
The 
inherent stability of 
the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical 3 hybrid 
cascade with measured data fo> 400 MHz 
and 
1000 MHz 


hybrids. 


Cascade 1 
Cascade 2 


Frequency Range 
0.25 to 400 MHz 
5.0 to 1000 MHz 


Gain 
43.5 dB 
20.5 dB 


Gain Flatness 
l I.OdB 
±0.75dB 


Input VSWR 
2.0:1 
2.4:1 


Output VSWR 
1.2:1 
2.1:1 
Vcc Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
150 mAdc 


MWA #1 
MWA110 
MWA320 


MWA »2 
MWA110 
MWA330 


MWA 03 
MWA120 
MWA330 


R1 
iooo n 
iooo n 


R2 
iooo n 
500 n 


R3 
300 n 
500 n 


MOTOROLA RF DEVICE DATA 


5-228 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 


WIDEBAND HYBRID AMPLIFIERS 


... single stage amplifiers designed for broadband linearapplications 
up to 600 MHz. 


• 
Low-Cost TO-39 Type Package 


• 
Gain 10 dB Typ 


• 
5012 Input and Output Impedance 


• 
Fully Cascadable for Any Gain 


• 
Thin Film Construction 


• 
Hermetic Package 


• 
Guaranteed Performance from-25°C to+100°C 


MAXIMUM RATINGS 


Rating 
Symbol 


Value 


Unit 
MWA2101MWA2201MWA230 


RF Input Power 
Pin 


^. 
.-~ 
— 
mW 
| OC Supply Current 
. "D* 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
TC 
°C 


Storage Temperature Range 
Tsta 
M 
65 to +200 
»• 
°C 


OPERATING CONDITIONS 


Device Voltage 
vD 
1.75 
3.2 
4.4 
Vdc 


Device Current 
Id 
10 
25 
60 
mAdc 


Decoupling Impedance 
zd 
620 
620 
240 
n 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
Rwc 
110 
"C/W 
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MWA210 
MWA220 
MWA230 


DC-600 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


«*"W|.T.| 
I 
ruM 
LJU 
IfOJ 


STYIE2: 
PIN 1. INPUT 
2. OUTPUT 
3. GROUND 


NOTES: 
1. DIMENSIONING AND T0LERANONG PERANSI 
V14JM,1982. 
2. CONTROLLING DCMENStON: INCH 


DM 
KUMETERS 
mCKES 
MM 
1 MAX 
MN 
MAX 
A 
8.51 1 9.39 
0.335 
0.370 


B 
7.15 1 8.60 
0.305' 
0.335 
C 
m 
1 4.57 
0.165 
0.185 
P 
041 
I 0X8 
0016 
0.019 
G 
5JSBSC 
0.200 BSC 
H 
tt72 
ass 
oxat 
0.034 


J 
0.74 
1.14 
tt029 
0045 
K 
12.70 
— 
05» 
M 
45-BSC 
45* esc 
N 
2.54 BSC 
aiooBsc 


CASE 31A-03 


MWA210, MWA220, MWA230 


ELECTRICAL CHARACTERISTICS (Tc • -25 to +100°C, 50 n system andspecified operating conditions) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
0.1 
_ 
600 
MHz 
Power Gain (f = 100 MHz) 
Gp 
9.0 
10 
- 
dB 
Response Flatness 
F 
- 
0 
±1.0 
dB 
Input VSWR 
MWA210/220 
MWA230 


- 
- 


_ 
2.5:1 


3:1 


- 


Output VSWR 
MWA210/220/230 
- 
- 
- 
2.5:1 
- 
Output® 1 dB Gain Compression 


MWA210 


MWA220 


MWA230 


- 


+1.5 


+10.5 
+18.5 


- 


dBm 


Noise Figure 


MWA210 
MWA220 
MWA230 


NF 


- 
6.0 
6.5 
7.5 


- 


dB 


Reverse Isolation 


MWA210 
MWA220 


MWA230 


PRI 


- 
13.5 
14.5 
123 


- 


dB 


Harmonic Output 
IWWA210 (Pout =-9.0 dBm) 
MWA220 (Pout - 0 dBm) 
MWA230 (Pout • +10 dBm) 


djo 


- 
-29 
-36 
-36 


- 


dB 


FIGURE 1 - 
DEVICE VOLTAGE versus DEVICE CURRENT 
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FIGURE 3 - POWER GAIN versus FREQUENCY 
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FIGURE 2 - 
DEVICE CURRENT versus CASE TEMPERATURE 
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FIGURE 4 - 
POWER GAIN versus DEVICE CURRENT 
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VSWR. VOLTAGE STANDING WAVE RATIO 
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MWA210, MWA220, MWA230 


FIGURE 10 - 
INPUT AND OUTPUT IMPEDANCE versus 
FREQUENCY MWA210 
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-j&O 
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FIGURE 12 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA230 
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FIGURE 11 - 
INPUT AND OUTPUT IMPEDANCE 
versus FREQUENCY MWA220 


♦jSO 


-J50 


Coordiiutts in Ohms 


FIGURE 13 - 
1.0 dB GAIN COMPRESSION 
versus FREQUENCY 
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FIGURE 14 - 
1.0 dB GAIN COMPRESSION 
versus DEVICE CURRENT f - 600 MHz 
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FIGURE 16 - 
NOISE FIGURE versus FREQUENCY 
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FIGURE 18 - SECOND HARMONIC OUTPUT versus FREQUENCY 
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FIGURE 16 - 1.0 dB GAIN COMPRESSION 
versus CASE TEMPERATURE f - 600 MHz 
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FIGURE 17 - REVERSE ISOLATION versus FREQUENCY 
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FIGURE 19 - 
SECONO AND THIRD ORDER INTERCEPT 
MWA210 
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FIGURE 20 - SECOND AND THIRD ORDER INTERCEPT 
MWA220 
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FIGURE 22 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA210 
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FIGURE 24 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA230 
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FIGURE 21 - SECOND AND THIRD ORDER INTERCEPT 
MWA230 
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FIGURE 23 - 
INTERMODULATION DISTORTION versus 
POWER OUTPUT MWA220 
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FIGURE 25 - GROUP DELAY versus FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The 
MWA 
series hybrid amplifiers are designed for 
wideband general purpose applications in 50 SI systems. 
Fully cascadable for any gain combination, operable at 
voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure26 shows the basic internal circuit. It is impor 
tant to note that the specified operating conditions of 
voltage, 
current, 
and 
external 
decoupling 
impedance 
must be applied to 
the units in order to achieve the 
published electrical characteristics. 


FIGURE 26 - 
INTERNAL CIRCUIT 


Amplifier Application 
The circuit 
schematic for 
a simple amplifier design 
is shown 
in Figure 27. 
External 
to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In 
all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 SI load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss - 20 Log 
dB 
ZD + 25 


where Zrj - decoupling impedance in ohms. For example, 
if Zq = 1 kfi. Loss = 0.214 dB. 


FIGURE 27 - 
AMPLIFIER SCHEMATIC DIAGRAM 


vcc o 


Decoupling 
Impodanco (Zpl 
50 12 
J( 
0 Load 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (R[)) determines the supply voltage (+Vcc> and is 
determined by the following equation: 


vcc = «d x <d + vd 
where lp and Vq are the device current and voltage stated 


in the data sheet. For example, for MWA110, 


ID = 10 mA 
VD =2.9 V 


and, if Rq = 330J2, then 


VCC = 6.2 V 


More commonly Vqc '5 predetermined and Rp may be 


calculated from: 


_ 
vcc- vp 
RD 
IB— 
An RF choke is not recommended for use as a decou 
pling impedance without also using a resistor having 
an appropriate value. 


Low Frequency Response 
The value of the blocking capacitors determines the 
low 
frequency response of the amplifier. The following 
expression is used to determine the 
blocking capacitor 
value 
to 
yield 
a desired 
3 dB 
low 
frequency 
corner 


(*LFC>- 


CBIockfFarads) = 100nfLFc(H'z) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 28 - 
TEST FIXTURE 


Grounding Screws 


Blocking Copacitor 
(Ceramic Chip) 


Bypass Capacitor 
(Ceramic Chip! 
' Vcc Supply 


Circuit Board 
Mounted on 
Aluminum Block 


SO II Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


The circuitry indicated is on the underside of the printed circuit board with sockets for the 
amplifier pins. The case of the amplifier should contact the printed circuit board top surfaco to 
onsure effective RF grounding. 


Text Fixture 
The 50 SI input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 SI microstrip transmission lines. Figure 28 is 
an 
example 
of 
a circuit board 
layout which 
utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 
The characteristic impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and 
thickness. The table lists appro 
priate line widths for 50 SI microstrip lines on commonly 
used circuit board materials. 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 


Teflon 
F iberglass 
2.5 
0.03125 
0.0625 
0.090 


0.1 so 


As in all good RF 
circuit designs, care should be 
taken 
to 
minimize 
parasitic 
lead 
inductances and to 
provide adequate grounding. 


RGURE 29 — TYPICAL CASCADE 
CH^ 


RF lnput> 


D—0—r—0-!3L-° +VCC 


0 
= 


U Q <RF Output 
CI J- 


MWA#1 
MWA #2 
MWA #3 
The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin #3 (Ground)as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


CI — For operation to 400 MHz, 1000 pF, 50 mil Chip Capacitor - 
ATC 50 mil Case (5.0 MHz L.F.) 
CI — For operation to 1000 MHz. 0.018 mF, Chip Capacitor for 
0.25 MHz L.F. Cut-Off 
C2 — Feedthru Capacitor Centralab SFT-102,1000 pF or Metuchen 
54-794002-681M. 680 pF 
C3 — 0.1 pF Sprague 3CZ5U104X0050C5 - 50 Volt 
Ll — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire 
L2 — Ferroxcube Shielding Bead 56-590-65/4A - 2 Turns #26 AWG 


Cascading 
The inherent stability of the MWA hybrid modules 
makes possible the cascading of two or more units with 
no oscillatory problems. Figure 29 shows a typical 3 
hybrid cascade with measured data for 400 MHz and 
1000 MHz hybrids. 


Cascade 1 
Cascade 2 


Frequency Rsngo 
0.25 to 400 MHz 
B.Oto 1000 MHz 


Gain 
43.5 dB 
20.5 dB 


Gain Flatness 
t I.OdB 
10.75 dB 


Input VSWR 
2.0:1 
2.4:1 


Output VSWR 
1.2:1 
2.1:1 


VCC Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
150 mAdc 


MWA SI 
MWA110 
MWA320 


MWA #2 
MWA110 
MWA330 
. 


MWA #3 
MWA120 
MWA330 


R1 
iooo n 
1000 n 


R2 
iooo n 
soon 


R3 
300 n 
soon 
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The RF Line 


WIDEBAND HYBRID AMPLIFIERS 


... singlestage amplifiersdesigned for broadbandlinearapplications 
up to 1000 MHz. 


• 
Low-Cost TO-39 Type Package 


• 
Gain- 8.0 dB Typ MWA310/320 
-6.2dBTypMWA330 


• 
50 SI Input and Output Impedance 


• 
Fully Cascadable for Any Gain 


• 
Thin Film Construction 


• 
Hermetic Package 


• 
Guaranteed Performance from -25° C to +-80°C 


MAXIMUM RATINGS 


Symbol 


Value 


Unit 
I 
Rating 
MWA3101MWA3201 MWA330 


i RF Input Power 
Pin 


- 
«n/> 
^ 
mW 


DC Supply Current 
ID 
25 
| 
55 
| 
100 
mA 


Maximum Case Temperature 
TC 
•c 


Storage Temperature Range 
Tsta 
°C 


OPERATING CONDITIONS 


Device Voltage 
VD 
1.6 
2.9 
4.0 
Vdc 


Device Current 
"D 
10 
25 
60 
mAdc 


Decoupling Impedance 
ZD 
620 
620 
240 
n 


THERMAL CHARACTERISTICS 


Characteristic 
Symbol 
Max 
Unit 


Thermal Resistance, Junction to Case 
"we 
110 
X/W 
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MWA310 
IYIWA320 
MWA330 


DC-1000 MHz WIDEBAND 
GENERAL-PURPOSE 
HYBRID AMPLIFIERS 


STUE2: 
PIN 1. INPUT 
2. OUTPUT 
3. GROUND 


NOTES: 
1. DIMENSIONING ANDTOLERANCING PERANSI 
Y145M. 1982. 
2. CONTROLLING DIMENSION:INCH. 


DM 
MILLIMETERS 
INCHES 


MM 
MAX 
MIN 
MAX 


A 
8.51 
9.39 
0335 
0.370 
e 
7.75 
aso 
0.305 
0.33S 
c 
3.81 
4.57 
0.165 
0.1B5 
0 
041 
0.48 
0.016 
0.019 
0 
5.08 BSC 
0.200 BSC 
H 
0.72 
0.86 
0.028 
0.034 


J 
0.74 
1.14 
0.029 
0.045 


K 
12.70 
— 
0.500 
— 


M 
4S8BSC 
45° BSC 
N 
2.54 BSC 
0.100 BSC 


CASE 31A-03 


MWA310, MWA320, MWA330 


ELECTRICAL CHARACTERISTICS <TC »-25to +80°C. 50n tyttemandtpecified operating conditions) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
0.1 
- 
1000 
MHz 
Power Gain 
MWA310/320 


MWA330 
Gp 
7.0 
8.0 
6.2 


- 
dB 


Response Flatneit 
F 
- 
0 
±1.0 
dB 
Input VSWR 
- 
- 
- 
3:1 
- 
Output VSWR 
- 
- 
- 
3:1 
- 
Output @ 1 dB Gain Compression 


MWA310 


MWA320 


MWA330 


- 


+3.5 
+11.5 
+15.2 


- 


dBm 


Noise Figure 


MWA310 


MWA320 


MWA330 


NF 


- 


6.5 
6.7 
9.0 


- 


dB 


Reverte Itolation 


MWA310 
MWA320 


MWA330 


PR I 


- 


10.4 
10.4 
9.0 


- 


dB 


Harmonic Output 
MWA310(Pout = -9dBm) 
MWA320 (Pout = 0 dBm) 
MWA330 (Pout = +10 dBm) 


dso 


- 
-30 
-38 
-35 


- 


dB 


FIGURE 1 - 
DEVICE VOLTAGE vertut DEVICE CURRENT 
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FIGURE 3 - 
POWER GAIN vertut FREQUENCY 
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FIGURE 2 - 
DEVICE CURRENT varus CASE TEMPERATURE 
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FIGURE 4 - 
POWER GAIN vsnut DEVICE CURRENT 
f° 1000 MHz 
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FIGURE 5 - POWER GAIN vertut CASE TEMPERATURE 
f-100 MHz 
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FIGURE 7 - 
VSWR vertut FREQUENCY 
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FIGURE 9 - 
VSWR vertut FREQUENCY 
MWA330 
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FIGURE 6 - POWER GAIN vertut CASE TEMPERATURE 
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FIGURE 8 - VSWR vertut FREQUENCY 
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FIGURE 10 - 
INPUT IMPEDANCE vertut FREQUENCY 
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FIGURE 11 - OUTPUT IMPEDANCEvertut FREQUENCY 
MWA310 
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FIGURE 12 - 
INPUT IMPEDANCE vertut FREQUENCY 
MWA320 
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FIGURE 13 - OUTPUT IMPEDANCE vertut FREQUENCY 
MWA320 
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FIGURE 14 - 
INPUT IMPEDANCE versus FREQUENCY 
MWA330 
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FIGURE 15 - OUTPUT IMPEDANCE versus FREQUENCY 
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FIGURE 16-1.0 dB GAIN COMPRESSION versus FREQUENCY 
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FIGURE 17- 1.0 dB GAIN COMPRESSION 
vertut DEVICE CURRENT 
f- 1000 MHz 
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FIGURE 19 - 
NOISE FIGURE vertut FREQUENCY 
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FIGURE 21 - 
SECOND HARMONIC OUTPUT vertut FREQUENCY 
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FIGURE 18 - 
1.0 dB GAIN COMPRESSION 
vertut CASE TEMPERATURE 
f - 1000 MHz 
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FIGURE 20 - 
REVERSE ISOLATION vertut FREQUENCY 
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FIGURE 22 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 23 - 
SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 28 - 
INTERMODULATION DISTORTION 
vertut POWER OUTPUT 
MWA310 
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FIGURE 27 - 
INTERMODULATION DISTORTION 
vertut POWER OUTPUT 
MWA330 
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FIGURE 24 - SECOND AND THIRD ORDER INTERCEPT 
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FIGURE 26 - 
INTERMODULATION DISTORTION 
vertut POWER OUTPUT 
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FIGURE 28 - 
GROUP DELAY vertut FREQUENCY 
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MWA SERIES HYBRID AMPLIFIER APPLICATIONS INFORMATION 


The MWA 
series hybrid amplifiers are designed for 
wideband general purpose applications in 50 £2 systems. 
Fully cascadable for any gain combination, operable at 
, voltages as low as 3 Vdc, and external control of the 
low frequency corner make the MWA amplifiers extremely 
versatile gain blocks. 


Basic Circuit Configuration 
Figure 29 shows the basic internal circuit. It is impor 
tant to note that the specified operating conditions of 
voltage, 
current, 
and 
external 
decoupling 
impedance 
must be 
applied to the units in order to achieve the 
published electrical characteristics. 


FIGURE 29 - 
INTERNAL CIRCUIT 


Amplifier Application 
The circuit 
schematic for 
a simple amplifier design 
is shown in 
Figure 30. External 
to the MWA hybrid 
amplifier the only components required are: 


Decoupling elements - Bypass Capacitor 
Decoupling Impedance 
(resistor/inductor) 
DC Blocking Capacitors at the RF input and output. 


External Decoupling Impedance 
In 
all cases the external bias (decoupling elements) 
must present an impedance which is large compared to 
the 50 SI load impedance to minimize RF gain reduction. 
The loss in gain due to the decoupling impedance is given 
by the equation: 


ZD 
Loss = 20 Log 
dB 
ZD + 25 


where Zrj ° decoupling impedance in ohms. For example, 
if Zd = 1 kfi. Loss = 0.214 dB. 


FIGURE 30 - AMPLIFIER SCHEMATIC DIAGRAM 


son 
Sourco 


cBlock 


vcc 


Hl 


Decoupling 
Importance (Zq) 
1/ 
50" 
•Hi 
o 
Load 
cBlock 


Supply Voltage 
The value of the external decoupling resistive imped 
ance (Rq) determines the supply voltage (+Vcc> ana" 's 
determined by the following equation: 


Vcc = Rd x 'D + Vq 


where Id and Vrj are the device current and voltage stated 
in the data sheet. For example, for MWA110, 


ID ** 10 mA 
Vq - 2.9 V 


and, if Rq = 330 SI, then 


VCC - 6.2 V 


More commonly Vcc is predetermined and Rq rnay be 


calculated from: 
vCc - Vd 
RD 
id 
An RF choke is not recommended for use as a decou 
pling impedance without also using a resistor having 
an appropriate value. 


Low Frequency Response 
The value of the blocking capacitors determines the 
low frequency 
response of the amplifier. The following 
expression is used 
to determine the blocking capacitor 
value 
to 
yield a desired 
3 dB 
low frequency 
corner 


I'LFC). 


CBlock! Farads) 
1 
100fffLFC(Hz) 


Bypass Capacitor 
The reactive impedance of the bypass capacitor should 
be small compared to the impedance of the decoupling 
element at the lowest frequency of operation. 
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FIGURE 31 - TEST FIXTURE 


Grounding Screws 


Bypass Capacitor 
(Ceramic Chip) 
+VCC Supply 


Circuit Board 
Mounted on 
Aluminum Block 


SO n 
Bulkhead 
Connector 


Bias/Decoupling 
Impedance 


Note: The circuitry indicated it on the undertida of the printed circuit board with sockets for the 
amplifier pins. The cato of the amplifier should contact the printed circuit board top surface to 
ensuro effective RF grounding. 


Text Fixture 
The 50 SI input/output impedance levels of the MWA 
hybrids are most easily preserved on a circuit board by 
using 50 SI microstrip transmission lines. 
Figure 31 is 
an 
example 
of 
a circuit board layout which utilizes 
microstrip transmission lines in conjunction with other 
sound RF construction techniques. 
The characteristic' impedance and corresponding line 
width of the microstrip are a function of the circuit board 
dielectric constant and thickness. The table lists appro- 
As in all good RF 
circuit designs, care should be 
priate line widths for 50 SI microstrip lines on commonly 
taken 
to 
minimize 
parasitic 
lead 
inductances and to 
used circuit board materials. 
provide adequate grounding. 


RF lnput> 


MATERIAL 
TYPE 
DIELECTRIC 
CONSTANT 


DIELECTRIC 
THICKNESS 
INCHES 


LINE 
WIDTH 
INCHES 


Teflon- 
Fiberglass 
2.5 
0.03126 
0.0626 
0.090 
0.180 


RGURE 32 — TYPICAL CASCADE 


a-©-o ♦VCC 


^RFOutput 


MWA 01 
MWA 02 
MWA 03 
The dc isolation components shown are critical in maintaining good stability in multi-stage designs. Keep Pin 03 (Ground) as short as 
possible preferably soldering the case to the ground plane for best gain flatness to 1000 MHz. 


CI — For operation to 400 MHz. 1000 pF. SO mil Chip Capacitor - 
ATC 50 mil Case (5.0 MHz L.F.) 
CI — For operation to 1000 MHz, 0.018 mF, Chip Capacitor for 
0.25 MHz L.F. Cut-Off 
C2 — Feedthru Capacitor Centralab SFT-102,1000 pF or Metuchen 
54-794002-681M. 680 pF 
C3 — 0.1 uF Sprague 3CZ5U104X0050C5 - 50 Volt 
Ll — Ferroxcube Shielding Bead 56-590-65/4A - Single Wire 
L2 — Ferroxcube Shielding Bead 56-S90-65/4A - 2 Turns 026 AWG 


Cascading 
The inherent stability of the MWA hybrid modules 
makes possible the cascading oftwo or more units with 
no oscillatory problems. Figure 32 shows a typical 3 
hybrid cascade with measured data for 400 MHz and 
1000 MHz hybrids. 


Cascade 1 
Cascade 2 


Frequency flange 
0.25 to 400 MHz 
5.0 to 1000 MHz 


Gain 
43.S dB 
20.5 dB 


Gein Flatness 
H.OdB 
10.75 dB 


Input VSWR 
2.0.1 
2.4:1 


Output VSWR 
1.2:1 
2.1:1 
VCc Supply 
12 Vdc 
33 Vdc 


1 Supply 
44 mAdc 
ISO mAdc 


MWA #1 
MWA110 
MWA320 


MWA #2 
MWA110 
MWA330 


MWA #3 
MWA120 
MWA330 


R1 
iooo n 
1000 n 


R2 
1000 n 
600 n 


R3 
300 n 
soon 
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The RF Line 
UHF Power Amplifiers 


... designed for wide power range control as encountered in UHFcellular radio 
applications. 


• 
MX20-1 
400-440 MHz 
MX20-2 
440-470 MHz 
• Specified 12.5 V, UHF Characteristics — 
Output Power — 20 W 
Minimum Gain — 21 dB 
Harmonics 
40 dBc Max 
• 
50 Ohm Input/Output Impedances 
• Guaranteed Stability and Ruggedness 


MAXIMUM RATINGS 


MX20-1 
MX20-2 


20 WATTS 
400-470 MHz 
RF POWER AMPLIFIERS 


CASE 83041, STYLE 1 
(MVM) 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltages 
VCC1.VCC2 
15.6 
Vdc 


Operating Case Temperature Range 
TC 
-30 to +100 
•c 
j Storage Temperature Range 
Tstg 
-40 to +100 
°C 


THERMAL CHARACTERISTICS 
| 
Characteristic 
Symbol 
Typ 
Unit 
| Thermal Resistance, Junction to Flange 
RflJF 
4 
"C/W 


ELECTRICALCHARACTERISTICS (Vcci and Vcc2 set at 12.5Vdc,Ta = 25°C, 50 0 system unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
MX20-1 
MX20-2 


— 
400 
440 


— 
440 
470 
MHz 


Input Power (P0 = 20 W) 
Pin 
— 
- 
150 
mW 


Power Gain (P0 = 20 W) 
Gp 
21 
- 
— 
dB 


Efficiency (P0 = 20 W) 
1 
35 
40 
- 
% 


Harmonics (P0 = 20 W, Reference) 
— 
- 
— 
-40 
dBc 


Input Return Loss 
Hn 
10 
— 
- 
dB 


Power Derating 
(P0 = 20 W, Tc = 25"C Ref.) 
-30°C to +70°C 


" 
" 


1 
dB 


Load Mismatch 
(Vcc = 15.6 V, P„ * 30 W, Pjn <s200 mW, 
Load VSWR 20:1, All Phase Angles) 


* 
No change in P0ut 
Before and After Test 


Stability 
(Pin — 0 to 200 mW; Load Mismatch 4:1; VrjC2 = 0 to 15.6 Vdc; 
VCC1 adjusted to keep P0 =s20 W) 


" 


All spurious outputs 
more than 70 dB below 
desired signal 


Gain Control Range 
- 
30 
- 
- 
dB 


MOTOROLA RF DEVICE DATA 
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+ 0.2 


0 


-02 


-0.4 


-0.6 


-0.8 


MX20-1, MX20-2 


+VCC1 
+VrX2 


L1,L2FERROXCUBE VK200 (IFNECESSARY) 


Figure 1. UHF Module Test Setup 
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Rgure 2. Output Power Variation versus Temperature 


80 
100 
10 
11 


VCC1 = VCC2. MODULE VOLTAGE (VOLTS) 


Rgure 3. Output Power Variation versus Voltage 
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Figure 4. Output Power versus Input Power 
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Rgure 5. Output Power versus Control Voltage 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated VHF-UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 100 to 500 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFIfilter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 100 to 500 MHz 
• Output Power — 6.0 Watts Minimum 


• 
Gain — 31 dB 
• 
Linearity — +48.5 dBm Typ ITO 
• Noise Figure — 6.0 dB Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 


PAA0105-29-6L 


6.0 WATT 
100-500 MHz 
LINEAR POWER 
AMPURER ASSEMBLY 


CASE 389F-01 


ELECTRICAL CHARACTERISTICS 
- 
• _. 
. 
.- 
•. 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 100-500 MHz 
29 
31 
dB 


fr 
Frequency Response 
f = 100-500 MHz, P0 = 6.0 W 
±1.5 
±2.0 
dB 


Po 
Power Output 
f = 100-500 MHz 
6.0 
8.0 
W 


NF 
Noise Figure 
f = 100-500 MHz 
6.0 
7.0 
dB 


ITO 
Third Order Intercept Point 
f = 100-500 MHz 
; 
+47.5 
+48.5 
dBm 


DSO 
Second Harmonic Attenuation 
f = 200-1000 MHz 
-15 
-20 
dB 


psat 
Saturated Power 
f = 100-500 MHz 
8.0 
10 
W 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 100-500 MHz 
f = 100-500 MHz 
3.0:1 
2.0:1 


3.5:1 
3.0:1 


VSWR Load 
VSWR Survival 
P0 = 6.0 W CW 
f = 100-500 MHz 


oo:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
85 
100 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated VHF-UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 100 to 500 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range —100 to 500 MHz 
• Output Power — 25 Watts Minimum 
• 
Gain — 47 dB 
• Linearity — +53 dBm Typ ITO 
• 
Noise Figure — 5.0 dB Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 


ELECTRICAL CHARACTERISTICS 


PAA010&45-25L 


25 WATT 
100-500 MHz 
UNEAR POWER 
AMPLIFIER ASSEMBLY 


CASE 389F-01 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 100-500 MHz 
45 
47 
dB 


fr 
Frequency Response 
f = 100-500 MHz 
±2.0 
±2.5 
dB 


Po 
Power Output 
f = 100-500 MHz 
25 
30 
W 


NF 
Noise Figure 
f = 100-500 MHz 
5.0 
6.5 
dB 


ITO 
Third Order Intercept Point 
f = 100-500 MHz 
+ 52 
+ 53 
dBm 


dso 
Second Harmonic Attenuation 
f = 0.2-1.0 GHz 
20 
33 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref 
=• 50 ft) 
f = 100-500 MHz 
f = 100-500 MHz 
1.5:1 
3.0:1 
2.0:1 


VSWR Load 
VSWR Survival 
P0 = 25 W CW 
f = 100-500 MHz 
oo:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
270 
325 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated VHF-UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 100 to 500 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 100 to 500 MHz 
• Output Power — 50 Watts Minimum 
• 
Gain —52 dB 
• 
Linearity — +56.5 dBm Typ ITO 
• 
Noise Figure — 7.5 dB Typ @ f = 500 MHz 
• 
50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 
• 
Built-in System DC Voltmeter 


ELECTRICAL CHARACTERISTICS 


PAA0105-50-50LAS 


50 WATT 
100-500 MHz 
UNEAR POWER 
AMPLIRER 


CASE 389G-01 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 100-500 MHz 
50 
52 
dB 


'r 
Frequency Response 
f = 100-500 MHz 
±2.0 
±2.5 
dB 


Po 
Power Output 
f = 100-500 MHz 
50 
60 
W 


NF 
Noise Figure 
f = 100-500 MHz 
7.5 
8.5 
dB 


ITO 
Third Order Intercept Point 
f = 100-500 MHz 
+ 55 
+ 56.5 
dBm 


DSO 
Second Harmonic Attenuation 
f = 0.2-1.0 GHz 
35 
45 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 100-500 MHz 
f = 100-500 MHz 
1.25:1 
1.35:1 
1.5:1 
1.75:1 


VSWR Load 
VSWR Survival 
P0 = 50 W CW 


f = 100-500 MHz 


oo:1 


Pin 
AC Input 
Vm = 115 Vac, 1.0*, 60 Hz 
700 
750 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 1.0 to 200 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 1.0 to 200 MHz 
• Output Power— 1.5 Watts Minimum 
• Gain — 36 dB Typ 
• Linearity— +51 dBm Typ ITO 
• Noise Figure — 4.5 dB Typ (a f = 100 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• 
Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0200-34-1.5L 


ELECTRICAL CHARACTERISTICS 


PAA0200-34-1.5L 


2.0 WATTS 
1.0-200 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 389R-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 100 MHz 
34 
36 
37 
dB 


fr 
Frequency Response 
f = 1.0-200 MHz 
— 
±0.5 
±1.25 
dB 


po1dB 
Power Output, 1.0 dB Compression 
f = 100 MHz 
f = 200 MHz 
1.5 
1.3 
2.0 
1.5 


_ 
W 


NF 
Noise Figure 
f = 100 MHz 
f = 200 MHz 
4.5 
5.5 
6.0 
7.0 
dB 


ITO 
Third Order Intercept Point 
f = 
100 MHz 


f = 200 MHz 


+ 49 


+ 44 
+ 51 


+ 55 


— 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 
f = 1.0-200 MHz 
f = 1.0-200 MHz 
1.5:1 
1.5:1 
2.0:1 
2.0:1 


— 


VSWR Load 
VSWR Survival 
P0 = 15 W 
f = 1.0-200 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
27 
37 
W 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 1.0 to 200 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 1.0 to 200 MHz 
• Output Power — 3.1 Watts Minimum 
• 
Gain —35 dB Typ 
• 
Linearity — +53 dBm Typ ITO 
• 
Noise Figure — 5.0 dB Typ fa f = 100 MHz 
• 
50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• 
Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0200-34-3.1L 


ELECTRICAL CHARACTERISTICS 


PAA0200-34-3.1L 


4.0 WATTS 
1.0-200 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 389R-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 100 MHz 
33.5 
35 
36.5 
dB 


V 
Frequency Response 
f = 1.0-200 MHz 
- 
±1.0 
±1.5 
dB 


PoldB 
Power Output. 1.0 dB Compression 
f = 100 MHz 


f = 200 MHz 


3.1 
2.5 
4.0 


3.1 


— 
W 


NF 
Noise Figure 
f = 100 MHz 


f = 200 MHz 


— 
5.0 
6.0 
6.5 
7.5 
dB 


ITO 
Third Order Intercept Point 
f = 100 MHz 


f = 200 MHz 


+ 51 


+ 46 


+ 53 


+ 48 


— 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 (1) 


f = 1.0-200 MHz 


f = 1.0-200 MHz 


— 
1.5:1 
1.5:1 
2.0:1 
2.0:1 


— 


VSWR Load 
VSWR Survival 
P0 = 3.0 W 
f = 1.0-200 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
50 
60 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated VHF Linear 
Power Amplifier 


... designed for television service applications in the 172 to 225 MHzfrequency range. 
Motorola class A high-power transistors provide low noise, high gain, and wide dynamic 
range. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy duty compo 
nents. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 172 to 225 MHz 
• Output Power — 10 Watts, Peak Sync. 
• 
Gain — 45 dB 
• 
Linearity 
58 dB, 3 Tone IMD 
• 
Noise Figure — 5.0 dB Typ @ f = 225 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


RF Power Input 
Pin 
+ 5.0 
dBm 


Operating Base Plate Temperature Range 
TC 
-40 to +90 
•c 


Storage Temperature Range 
Tstg 
-55 to +125 
•c 


ELECTRICAL CHARACTERISTICS 


PAA225-42-10L 


10 WATT 
172-225 MHz 
LINEAR POWER 
AMPLIRER ASSEMBLY 


CASE 389F-01 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 
172-225 MHz 
42 
46 
51 
dB 


Ir 
Frequency Response 
f = 172-225 MHz 
±0.5 
±1.0 
dB 


po(1> 
IMD 3 Tone = -58 dB 
Vision Carrier = -8.0 dB Reference 
Sound Carrier - 
-10 dB Reference 
Sideband Carrier = -16 dB Reference 


f = 172-225 MHz 
10 
W 


po(2) 
IMD 3 Tone = -55dB 
Vision Carrier = -8.0 dB Reference 
Sound Carrier - 
-7.0 dB Reference 
Sideband Carrier = -16 dB Reference 


f =172-225 MHz 
10 
W 


NF 
Noise Figure 
f = 172-225 MHz 
5.0 
dB 


VSWR 
Input (50 fl) 
Output (50 fl) 
f = 172-225 MHz 
f = 172-225 MHz 
1.5:1 
2.0:1 
2.0:1 
2.5:1 
N/A 
N/A 


VSWR Load 
VSWR Survival 
P0 = 10 W CW 
f = 172 MHz 
oo:1 
N/A 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
135 
150 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 30 to 450 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 30 to 450 MHz 
• Output Power — 0.6 Watts Minimum 
• 
Gain —34 dB Typ 
• 
Linearity — +45 dBm Typ ITO 
• 
Noise Figure — 5.0 dB Typ <fr f = 300 MHz 
• 
50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• 
Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0450-33-0.4L 


ELECTRICAL CHARACTERISTICS 


1.0 WATT 
30-450 MHz 
LINEAR POWER 
AMPLIRER 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 50 MHz 
33 
34 
35 
dB 


fr 
Frequency Response 
f = 30-450 MHz 
- 
±0.75 
±1.5 
dB 


PoldB 
Power Output, 1.0 dB Compression 
f = 300 MHz 


f = 450 MHz 


0.6 
0.25 
1.0 
0.4 
_ 
W 


NF 
Noise Figure 
f = 300 MHz 


f = 450 MHz 
5.0 
6.0 
6.0 
7.0 
dB 


ITO 
Third Order Intercept Point 
f = 300 MHz 


f = 450 MHz 


+ 42 


+ 36 


+ 45 


+ 38 


— 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 


f = 30-450 MHz 


f = 30-450 MHz 
— 
1.2:1 
1.2:1 


1.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 0.4 W 


f = 30-450 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
19 
30 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 30 to 500 MHz 
• Output Power — 1.25 Watts Minimum 
• Gain — 18 dB Typ 
• Linearity — +49 dBm Typ ITO 
• Noise Figure — 4.5 dB Typ fa f = 300 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0500-17-1.0L 


ELECTRICAL CHARACTERISTICS 


PAA0500-17-1.0L 


2.0 WATTS 
30-500 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 389R-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 50 MHz 
17 
18 
21 
dB 


U 
Frequency Response 
f = 30-500 MHz 
- 
±0.75 
±1.5 
dB 


po1dB 
Power Output, 1.0 dB Compression 
f = 300 MHz 


f = 500 MHz 
1.25 
0.6 
2.0 
1.0 


— 
W 


NF 
Noise Figure 
f = 300 MHz 


f = 500 MHz 


— 
4.5 
6.0 
5.5 
7.0 
dB 


ITO 
Third Order Intercept Point 
f = 300 MHz 


f = 500 MHz 


+ 47 


+ 40 


+ 49 


+ 42 
I 
dBm 


VSWR 
Input (Ref. = 50 11) 
Output (Ref. = 50 ill 
f = 30-500 MHz 
f = 30-500 MHz 
1.2:1 
1.2:1 
1.5:1 
1.5:1 


- 


VSWR Load 
VSWR Survival 
P0 = LOW 
f = 30-500 MHz 


— 
— 
30:1 
- 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 


- 
23 
33 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 30 to 500 MHz 
• Output Power — 2.0 Watts Minimum 
• 
Gain —18 dB Typ 
• 
Linearity — + 51 dBm Typ ITO 
• 
Noise Figure — 5.0 dB Typ (a f = 300 MHz 
• 
50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• 
Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0500-17-2.0L 


ELECTRICAL CHARACTERISTICS 


PAA0500-17-2.0L 


3.1 WATTS 
30-500 MHz 
LINEAR POWER 
AMPLIRER 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 50 MHz 
17 
18 
19 
dB 


fr 
Frequency Response 
f = 30-500 MHz 
- 
±0.75 
±1.5 
dB 


PoldB 
Power Output, 1.0 dB Compression 
f = 300 MHz 
f = 500 MHz 
2.0 
1.3 


3.1 
2.0 


— 
W 


NF 
Noise Figure 
f = 300 MHz 


f = 500 MHz 


— 
5.0 
6.5 
6.0 
7.5 
dB 


ITO 
Third Order Intercept Point 
f = 300 MHz 


f = 500 MHz 


+ 49 
+31 


+ 51 


+ 33 
— 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 


f = 30-500 MHz 


f = 30-500 MHz 


— 
1.2:1 


1.2:1 
1.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 2.0 W 


f = 30-500 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*. 60 Hz 
— 
40 
50 
W 


MOTOROLA RF DEVICE DATA 


5-256 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. 
Contains.an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• 
Operates from 115 Vac Power Source 
• 
Frequency Range — 30 to 500 MHz 
• Output Power — 1.25 Watts Minimum 
• Gain — 36.5 dB Typ 
• 
Linearity — +49 dBm Typ ITO 
• 
Noise Figure — 5.0 dB Typ <& f = 300 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE0500-35-1.0L 


ELECTRICAL CHARACTERISTICS 


PAA0500-35-1.0L 


2.0 WATTS 
30-500 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 389R-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 50 MHz 
35 
36.5 
38 
dB 


fr 
Frequency Response 
f = 30-500 MHz 
— 
±1.0 
±2.0 
dB 


PoldB 
Power Output, 1.0 dB Compression 
f = 300 MHz 


f = 500 MHz 
1.25 
0.6 
2.0 
1.0 


— 
W 


NF 
Noise Figure 
f = 300 MHz 


f = 500 MHz 
5.0 
6.0 
6.0 
7.0 
dB 


ITO 
Third Order Intercept Point 
f = 300 MHz 


f = 500 MHz 


+ 46 


+ 39 


+ 49 
+42 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 
f = 30-500 MHz 


f = 30-500 MHz 


— 
1.2:1 
1.2:1 
1.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = LOW 
f = 30-500 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vm = 115 Vac, 1.0*, 60 Hz 
- 
30 
40 
W 


MOTOROLA RF DEVICE DATA 


5-257 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 500 to 1000 MHzfrequency range. 
Motorola class A high-power transistors provide excellent ITOs,high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 500 to 1000 MHz 
• Output Power — 7.0 Watts Typical 


• 
Gain — 27 dB 
• Linearity — +48.5 dBm Typ ITO 
• 
Noise Figure — 8.0 dB Typ C« f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 


PAA0510-25-6L 


6.0 WATTS 
500-1000 MHz 
LINEAR POWER 
AMPLIFIER ASSEMBLY 


ELECTRICAL CHARACTERISTICS 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 500-1000 MHz 
25 
27 
dB 


'r 
Frequency Response 
f = 500-1000 MHz 
±1.0 
±1.5 
dB 


Po 
Power Output 
f = 500-1000 MHz 
6.0 
7.0 
W 


NF 
Noise Figure 
f = 500-1000 MHz 
8.0 
9.5 
dB 


ITO 
Third Order Intercept Point 
f = 500-1000 MHz 
+ 47.5 
+ 48.5 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.0-2.0 GHz 
25 
35 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 (I) 


f = 500-1000 MHz 
f = 500-1000 MHz 


2.0:1 
2.5:1 


2.5:1 


VSWR Load 
VSWR Survival 
P0 = 6.0 W CW 
f = 500-1000 MHz 


30:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
85 
100 
W 


MOTOROLA RF DEVICE DATA 


5-258 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHzfrequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 5.0 Watts Typical 
• 
Gain —26 dB 
• Linearity— +47.5 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 


ELECTRICAL CHARACTERISTICS 


PAA0810-24-5L 


5.0 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIRER ASSEMBLY 


CASE 383F-01. STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
24 
26 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
±0.5 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
4.5 
5.0 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.5 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+ 46.5 
+ 47.5 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
25 
35 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 
f = 800-1000 MHz 
f = 800-1000 MHz 
2.0:1 
2.5:1 
2.5:1 


VSWR Load 
VSWR Survival 
P0 = 5.0 W CW 
f = 800-1000 MHz 
oo:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
85 
100 
W 


MOTOROLA RF DEVICE DATA 


5-259 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHzfrequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 25 Watts Minimum 


• 
Gain — 33 dB 
• Linearity — + 55 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 


ELECTRICAL CHARACTERISTICS 


PAA0810-31-25L 


25 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIRER ASSEMBLY 


CASE 389F-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
31 
33 
dB 


•»r 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
25 
30 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+ 54 
+ 55 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
35 
40 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 800-1000 MHz 
f = 800-1000 MHz 


2.0:1 
1.5:1 
2.5:1 
2.0:1 


VSWR Load 
VSWR Survival 
P0 = 25 W CW 


f = 800-1000 MHz 


oo:1 


Pin 
AC Input 
Vin = 115 Vac, 1.0*, 60 Hz 
270 
300 
W 


MOTOROLA RF DEVICE DATA 


5-260 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range.. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 10 Watts Minimum 
• 
Gain —35 dB 
• Linearity — +56 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 


ELECTRICAL CHARACTERISTICS 


PAA0810-32-1 OL 


10 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIFIER ASSEMBLY 


CASE 383F-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
32 
35 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
10 
12 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+48.5 
+ 50 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
35 
40 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 
f = 800-1000 MHz 
f = 800-1000 MHz 
1.5:1 
1.5:1 
2.0:1 
2.0:1 


VSWR Load 
VSWR Survival 
P0 = 10 W CW 
f = 800-1000 MHz 
oo:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
180 
200 
W 


MOTOROLA RF DEVICE DATA 


5-261 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 800 to 1000 MHz 
• Output Power — 5.0 Watts Typical 
• 
Gain — 42 dB 
• 
Linearity — +47.5 dBm Typ ITO 
• 
Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 
50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 


ELECTRICAL CHARACTERISTICS 


PAA0810-38-5LAS 


5.0 WATT 
800-1000 MHz 
LINEAR POWER 
AMPURER ASSEMBLY 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
38 
42 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
4.5 
5.0 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+46.5 
+47.5 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
25 
35 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 800-1000 MHz 


f = 800-1000 MHz 
2.0:1 
2.5:1 
2.5:1 


VSWR Load 
VSWR Survival 
P0 = 5.0 W CW 
f = 800-1000 MHz 


oo:1 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
100 
125 
W 


MOTOROLA RF DEVICE DATA 


5-262 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola high-power transistors provide high gain and wide dynamic range. Designed 
for high reliability with such standard features as a high-quality power supply, EMI/RFI 
filter, stainless steel hardware and many MIL-STD heavy duty components. Each unit 
undergoes 24-hour burn-in prior to final test and Q/A. 


• All Class "A" Driver Stages, Class "AB" Final Amplifier 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power— 100 Watts Minimum 
• Gain — 38 dB Typ 
• Infinite VSWR Load Capability, Circulator Protected 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 
• 
Built-in System DC Voltmeter 
• 220 Vac Model Available, P/N PAE0810-38-100AB 


ELECTRICAL CHARACTERISTICS 


100 WATTS 
800-1000 MHz 
LINEAR POWER 
AMPLIRER 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 800-1000 MHz, P„ = 100 W 
37 
38 
- 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
— 
±1.0 
±1.25 
dB 


Po 
Power Output 
f = 800-1000 MHz 
100 
120 
— 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
— 
8.0 
9.5 
dB 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
25 
40 
— 
dB 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 
f = 800-1000 MHz 
f = 800-1000 MHz 


— 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 100 W CW 
f = 800-1000 MHz 


— 
— 
x:1 
— 


PAC-IN 
AC Input 
Vm = 115 Vac, 1.0*. 60 Hz 
- 
700 
825 
W 


MOTOROLA RF DEVICE DATA 


5-263 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 50 Watts Minimum 
• 
Gain — 42 dB 
• 
Linearity — +56 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 
• 
Built-in System DC Voltmeter 


ELECTRICAL CHARACTERISTICS 


PAA0810-40-50L 


50 WATT 
800-1000 MHz 
LINEAR POWER 
AMPURER 


CASE 389G-01. STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
40 
42 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
50 
55 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+ 55 
+56.5 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
40 
50 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 800-1000 MHz 


f = 800-1000 MHz 


2.0:1 
1.25:1 
2.5:1 
1.5:1 


VSWR Load 
VSWR Survival 
P0 = 50 W CW 
f = 800-1000 MHz 


oo:1 


Pin 
AC Input 
Vm = 115 Vac, 1.0*, 60 Hz 
560 
600 
W 


MOTOROLA RF DEVICE DATA 


5-264 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFIfilter, stainless steel hardware and many MIL-STDheavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 50 Watts Minimum 
• 
Gain — 42 dB 
• Linearity— +56 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 
• 
Built-in RF Wattmeter 
• 
Built-in Low Pass Filter and Directional Coupler 


ELECTRICAL CHARACTERISTICS 


PAA0810-40-50LAM 


50 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 383G-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
40 
42 
dB 


<r 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
50 
55 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+ 55 
+ 56 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
40 
50 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 
f = 800-1000 MHz 
f = 800-1000 MHz 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


VSWR Load 
VSWR Survival 
Po = 50 W CW 


f = 800-1000 MHz 


oo:1 


Sample Level 
Directional Coupler Output 
f = 800-1000 MHz 
-30 
dBc 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
560 
600 
W 


P0 Scale 
RF Wattmeter Range 
Power Output 
f = 800-1000 MHz 
100 
W 


Pr 
RF Wattmeter Range 
Reflected Power 
f = 800-1000 MHz 
25 
W 


MOTOROLA RF DEVICE DATA 


5-265 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola high-power transistors provide high gain and wide dynamic range. Designed 
for high reliability with such standard features as a high-quality power supply, EMI/RFI 
filter, stainless steel hardware and many MIL-STD heavy duty components. Each unit 
undergoes 24-hour burn-in prior to final test and OVA. 


• All Class "A" Driver Stages, Class "AB" Final Amplifier 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 800 to 1000 MHz 
• Output Power — 100 Watts Minimum 
• 
Gain — 52 dB Typ 
• 
Infinite VSWR Load Capability, Circulator Protected 
• 
Noise Figure — 9.0 dB Typ fa f = 1000 MHz 
• 
50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 
• 
Built-in System DC Voltmeter 
• 
220 Vac Model Available, P/N PAE0810-52-100AB 


ELECTRICAL CHARACTERISTICS 


PAA0810-52-1OOAB 


100 WATTS 
800-1000 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 383G-01 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 800-1000 MHz, P0 = 100 W 
50 
52 
- 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
- 
±1.0 
±1.25 
dB 


Po 
Power Output 
f = 800-1000 MHz 
100 
120 
- 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
- 
9.0 
10 
dB 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
25 
40 
- 
dB 


VSWR 
Input (Ref. = 50 11) 
Output (Ref. - 
50 0) 


f = 800-1000 MHz 


f = 800-1000 MHz 


— 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 100 WCW 


f = 800-1000 MHz 


— 
— 
m:1 
— 


PAC-IN 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
700 
825 
W 


MOTOROLA RF DEVICE DATA 


5-266 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHzfrequency range. 
Motorola high-power transistors provide high gain and wide dynamic range. Designed 
for high reliability with such standard features as a high-quality power supply, EMI/RFI 
filter, stainless steel hardware and many MIL-STD heavy duty components. Each unit 
undergoes 24-hour burn-in prior to final test and OVA. 
• All Class "A" Driver Stages, Class "AB" Final Amplifier 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power— 100 Watts Minimum 
• 
Gain — 52 dB 
• Infinite VSWR Load Capability, Circulator Protected 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 
• Built-in RF Wattmeter and Directional Coupler 
• 
220 Vac Model Available, P/N PAE0810-52-100AM 


ELECTRICAL CHARACTERISTICS 


PAA0810-52-1OOAM 


100 WATTS 
80-1000 MHz 
LINEAR POWER 
AMPLIRER 


CASE 389G-01 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


P9 
Power Gain 
f = 800-1000 MHz, P0 = 100 W 
51 
52 
— 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
— 
±1.0 
±1.25 
dB 


Po 
Power Output 
f = 800-1000 MHz 
100 
120 
— 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
— 
8.0 
9.5 
dB 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
25 
40 
— 
dB 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 
f = 800-1000 MHz 
f = 800-1000 MHz 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 100 W CW 
f = 800-1000 MHz 


— 
— 
m:1 
— 


pAC-IN 
AC Input 
Vm = 115 Vac, 1*, 60 Hz 
— 
700 
825 
W 
Sample Level 
Directional Coupler Output 
f = 800-1000 MHz 
— 
-30 
— 
dBc 


P0 Scale 
RFWattmeter Range 
Power Output 
f = 800-1000 MHz 
— 
— 
250 
W 


Pr 
RF Wattmeter Range 
Reflected Power 
f = 800-1000 MHz 
— 
— 
50 
W 


MOTOROLA RF DEVICE DATA 


5-267 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, ahd wide 
dynamic range. Designed for high reliabilitywith such standard features as a high- 
quality power supply, EMI/RFI filter,stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 50 Watts Minimum 
• 
Gain —56 dB 
• Linearity — +56 dBm Typ ITO 
• 
Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housings with Dip Brazed Plenum Assembly 
• Forced Air Cooling 
• 
Built-in System DC Voltmeter 


ELECTRICAL CHARACTERISTICS 


PAA0810-54-50LAS 


50 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 383G-01, STYLE 1 


Symbol 
Characteristics 
' Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
54 
56 
dB 


U 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
50 
55 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 800-1000 MHz 
+ 55 
+ 56.5 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
40 
50 
dB 


VSWR 
Input (Ref ° 50 fl) 
Output (Ref = 50 fl) 


f = 800-1000 MHz 
f = 800-1000 MHz 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


VSWR Load 
VSWR Survival 
P0 = 50 W CW 


f = 800-1000 MHz 


ao:1 


Pin 
AC Input 
Vin = 115 Vac, 1.0*, 60 Hz 
560 
600 
W 


MOTOROLA RF DEVICE DATA 


5-268 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated UHF Linear 
Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHz frequency range. 
Motorola class A high-power transistors provide excellent ITOs, high gain, and wide 
dynamic range. Designed for high reliability with such standard features as a high- 
quality power supply, EMI/RFIfilter, stainless steel hardware and many MIL-STD heavy 
duty components. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 800 to 1000 MHz 
• Output Power — 50 Watts Minimum 
• 
Gain — 56 dB 
• 
Linearity — + 56 dBm Typ ITO 
• Noise Figure — 8.0 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• Forced Air Cooling 
• 
Built-in RF Wattmeter 
• Built-in Low Pass Filter and Directional Coupler 


ELECTRICAL CHARACTERISTICS 


PAA0810-54-50LSM 


50 WATT 
800-1000 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 383G-01. STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 800-1000 MHz 
54 
56 
dB 


fr 
Frequency Response 
f = 800-1000 MHz 
±0.75 
±1.0 
dB 


Po 
Power Output 
f = 800-1000 MHz 
50 
55 
W 


NF 
Noise Figure 
f = 800-1000 MHz 
8.0 
9.0 
dB 


ITO 
Third Order intercept Point 
f = 800-1000 MHz 
+ 55 
+ 56 
dBm 


dso 
Second Harmonic Attenuation 
f = 1.6-2.0 GHz 
40 
50 
dB 


VSWR 
Input (Ref = 50 fl) 
Output (Ref = 50 fl) 


f = 800-1000 MHz 


f = 800-1000 MHz 
2.0:1 
1.25:1 
2.5:1 
1.5:1 


VSWR Load 
VSWR Survival 
P0 = 50 W CW 


f = 800-1000 MHz 


oo:1 


Sample Level 
Directional Coupler Output 
f = 800-1000 MHz 
-30 
dBc 


Pin 
AC Input 
Vm = 115 Vac, 1.0*. 60 Hz 
560 
600 
W 


P0 Scale 
RF Wattmeter Range 
Power Output 
f = 800-1000 MHz 
100 
W 


Pr 
RF Wattmeter Range 
Reflected Power 
f = 800-1000 MHz 
25 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
integrated 
Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliablecircuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliabilitywith such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 10 to 1000 MHz 
• 
Output Power — 0.6 Watt Minimum 
• Gain — 15 dB Typ 
• Linearity— +43 dBm Typ ITO 
• Noise Figure — 7.5 dB Typ fa f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• 
Forced Air Cooling 
• Thermally Protected 
• 
220 Vac Model Available, P/N PAE1000-14-0.6L 


ELECTRICAL CHARACTERISTICS 


PAA1OOO-14-0.6L 


0.8 WATT 
10-1000 MHz 
LINEAR POWER 
AMPLIFIER 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


P9 
Power Gain 
f = 100 MHz 
14 
15 
16 
dB 


fr 
Frequency Response 
f = 10-1000 MHz 
- 
±0.5 
±1.0 
dB 


PoldB 
Power Output, 1.0 dB Compression 
f = 500 MHz 
f = 1000 MHz 
0.6 
0.5 
0.8 
0.6 


— 
W 


NF 
Noise Figure 
f = 500 MHz 
f = 1000 MHz 
— 
_ 
7.5 
8.5 
8.5 
9.5 
dB 


ITO 
Third Order Intercept Point 
f = 
500 MHz 


f = 1000 MHz 


+ 41 


+ 40 


+ 43 


+ 42 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 


f = 10-1000 MHz 


f = 10-1000 MHz 


— 
2.0:1 
2.0:1 
2.5:1 
2.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 0.6 W 
f = 10-1000 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
25 
35 
W 


MOTOROLA RF DEVICE DATA 


5-270 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHzfrequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• Frequency Range — 10 to 1000 MHz 
• Output Power — 1.3 Watts Minimum 
• Gain— 15dBTyp 
• Linearity— +45.dBm'Typ ITO 
• Noise Figure — 8.0 dB^Typ(ct f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Forced Air Cooling 
• Thermally Protected 
• 220 Vac Model Available, P/N PAE1000-14-1.3L 


PAA1000-14-1.3L 


1.6 WATTS 
10-1000 MHz 
LINEAR POWER 
AMPLIRER 


ELECTRICAL CHARACTERISTICS 
' '""''. 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


pg 
Power Gain 
f = 100 MHz 
14 
15 
16 
dB 


fr 
- 
' 
Frequency Response 
f = 10-1000 MHz 
- 
±0.8 
±1.5 
dB 


PoldB 
' Power Output, 1.0 dB Compression 
f = 500 MHz 
f = 1000 MHz 


1.3 
1.0 
1.6 
1.3 


— 
W 


NF 
Noise Figure 
f = 500 MHz 


f = 1000 MHz 
8.0 
9.0 
9.0 
10 
dB 


ITO 
Third Order Intercept Point 
f = 500 MHz 


f = 1000 MHz 


+ 43 


+ 42 


+ 45 


+ 44 
_ 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 


f = 10-1000 MHz 


f = 10-1000 MHz 


2.0:1 
2.0:1 
2.5:1 
2.5:1 


—' 


VSWR Load 
VSWR Survival 
P0 = 1.3 W 


f = 10-1000 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
45 
55 
W 


MOTOROLA RF DEVICE DATA 


5-271 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Integrated 
Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHz frequency range. 
Contains an all hybrid amplifier module — Motorola's own proven reliable circuitry, 
used in millions of operating units over twenty years — utilizing Motorola's class A tran 
sistors. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD components. Each 
unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• Operates from 115 Vac Power Source 
• 
Frequency Range — 10 to 1000 MHz 
• 
Output Power — 0.6 Watt Minimum 
• 
Gain — 32 dB Typ 
• 
Linearity — + 43 dBm Typ ITO 
• Noise Figure — 6.5 dB Typ fa f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• Forced Air Cooling 
• 
Thermally Protected 
• 
220 Vac Model Available, P/N PAE1000-30-0.6L 


PAA1000-30-0.6L 


0.8 WATT 
10-1000 MHz 
LINEAR POWER 
AMPLIFIER 


CASE 389R-01. STYLE 1 


ELECTRICAL CHARACTERISTICS 
^ 
Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 
\ 


pg 
Power Gain 
f = 100 MHz 
30 
32 
34 
dB 


it 
Frequency Response 
f = 10-1000 MHz 
- 
±1.0 
±1.5 
dB 


PoldB 
Power Output, 1.0 dB Compression 
f = 500 MHz 


f = 1000 MHz 
0.6 
0.5 
0.8 
0.6 


— 
W 
/ 


NF 
Noise Figure 
f = 500 MHz 
f = 1000 MHz 


— 
6.5 
7.5 
8.0 
9.0 
dB 


ITO 
Third Order Intercept Point 
f = 500 MHz 


f = 
1000 MHz 


+ 41 


+ 40 
+ 43 


+ 42 
dBm 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 
f = 10-1000 MHz 


f = 10-1000 MHz 
2.0:1 
2.0:1 
2.5:1 
2.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 0.6 W 


f = 10-1000 MHz 


— 
— 
30:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
35 
45 
W 


MOTOROLA RF DEVICE DATA 


5-272 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Ultrawide Band Linear 
Power Amplifier 


... designed for wideband linear applications in the 25 to 1000 MHz frequency range. 
Motorola class A hybrid amplifiers provide excellent ITOs, high gain, and wide dynamic 
range. Designed for high reliability with such standard features as a high-quality power 
supply, EMI/RFI filter, stainless steel hardware and many MIL-STD heavy duty compo 
nents. Each unit undergoes 24-hour burn-in prior to final test and Q/A. 


• 
All Class "A" 
• 
All Hybrid RF Amplifier Circuitry 
• Operates from 115 Vac Power Source 
• Frequency Range — 25 to 1000 MHz 
• Output Power — 5.0 Watts Minimum 
• 
Gain — 42 dB 
• Linearity — +46.5 dBm Typ ITO 
• Noise Figure — 7.5 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing with Dip Brazed Plenum Assembly 
• 
Forced Air Cooling 
• 
220 Vac Model Available, P/N PAE1000-42-5L 


ELECTRICAL CHARACTERISTICS 


PAA1000-42-5L 


5.0 WATTS 
25-1000 MHz 
LINEAR POWER 
AMPURER ASSEMBLY 


CASE 389F-01, STYLE 1 


Symbol 
Characteristics 
Test Conditions 
Min 
Typ 
Max 
Unit 


SSG 
Small Signal Gain 
f = 25-1000 MHz 
40 
42 
— 
dB 


*r 
Frequency Response 
f = 25-1000 MHz 
- 
±1.5 
±2.5 
dB 


Po 
Power Output 
f = 25-1000 MHz 
5.0 
6.0 
— 
W 


NF 
Noise Figure 
f = 25-1000 MHz 
— 
7.5 
8.5 
dB 


ITO 
Third Order Intercept Point 
f = 25-1000 MHz 
+45.5 
+46.5 
— 
dBm 


dso 
Second Harmonic Attenuation 
f = 0.05-2.0 GHz 
25 
35 
- 
dB 


VSWR 
Input (Ref. = 50 fl) 
Output (Ref. = 50 fl) 


f = 25-1000 MHz 


f = 25-1000 MHz 
2.0:1 
1.5:1 
2.5:1 
2.5:1 


— 


VSWR Load 
VSWR Survival 
P0 = 5.0 W CW 
f = 25-1000 MHz 


— 
— 
oo:1 
— 


Pin 
AC Input 
Vjn = 115 Vac, 1.0*, 60 Hz 
- 
200 
225 
W 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 100-500 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 100 to 500 MHz 
Output Power— 55 W (Typ), 100-500 MHz 
Power Gain — 7.0 dB Typ @ f = 500 MHz 
ITO— 56.5 dBm Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0105-6-50LA 


MAXIMUM RATINGS 


PAM0105-6-50L 


55 WATTS 
100-500 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


CASE 383C-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
25 
Vdc 


RF Power Input 
Pin 
25 
W 


Storage Temperature Range 
Tstg 
-55 to +125 
X 


Operating Temperature Range 
TC 
-40 to +70 
"C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24V, 50fl system unlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
ice 
— 
12 
— 
A 


Power Gain (f = 100-500 MHz) 
PQ 
6.0 
7.0 
— 
dB 


Bandwidth 
BW 
100 
— 
500 
MHz 


Gain Flatness (f = 100-500 MHz) 
— 
— 
±1.0 
±1.5 
dB 


Input VSWR (f = 100-500 MHz) 
VSWRin 
— 
1.35:1 
1.75:1 
— 


Output VSWR (f = 100-500 MHz) 
VSWRout 
— 
1.35:1 
1.75:1 
— 


Third Order Intercept Point (f = 100-500 MHz) 
(See Figure 1) 
ITO 
+ 55 
+ 56.5 
— 
dBm 


Load Mismatch (P0 = 50 W, f = 100 MHz, Load VSWR = oo:1) 
* 
No Damage or Degradation 
in Performance 


Saturated Output Power (Single Tone) 
(f = 100-500 MHz) 
psat 
60 
70 
— 
W 


Power Output 
Pout 
50 
55 
— 
W 


Second Harmonic Suppression (Pout = 50 W, CW,f2h - 200 MHz) 
dso 
25 
35 
- 
dB 


MOTOROLA RF DEVICE DATA 


5-274 


PAM0105-6-50L 


ITO =P0 +!y@IMD >60 dB 


PEP = 4xP0@IMD= -32dB 


Figure 1.2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 100-500 MHzfrequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Voltand Tc = 25°CCharacteristics: 
Frequency Range — 100 to 500 MHz 
Output Power — 30 W (Typ), 100-500 MHz 
Power Gain — 7.5 dB Typ @ f = 500 MHz 
ITO— 53.5 dBm Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 VCc Model Available, P/N PAM0105-7-25LA 


MAXIMUM RATINGS 


^5*1^•-^yy/r 


CASE 389E-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
25 
Vdc 


RF Power Input 
Pin 
12 
W 


Storage Temperature Range 
Tstg 
-55 to +125 
"C 


Operating Temperature Range 
TC 
-40 to +70 
•c 


ELECTRICAL CHARACTERISTICS(Tc = 25°C, Vcc = 24 V, 50fl system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
'CC 
— 
6.0 
— 
A 


Power Gain (f = 100-500 MHz) 
PG 
6.0 
7.5 
— 
dB 


Bandwidth 
BW 
100 
— 
500 
MHz 


Gain Flatness (f = 100-500 MHz) 
— 
— 
±1.5 
±1.75 
dB 


Input VSWR (f = 100-500 MHz) 
VSWRjn 
— 
3.0:1 
— 
— 


Output VSWR (f = 100-500 MHz) 
VSWRout 
— 
3.0:1 
— 
— 


Third Order Intercept Point (f - 
100-500 MHz) 
(See Figure 1) 
ITO 
+ 52.5 
+ 53.5 
— 
dBm 


Noise Figure (f = 100-500 MHz) 
NF 
— 
10 
11.5 
dB 


Load Mismatch (P0 = 25 W, f = 100 MHz, Load VSWR = oo:1) 
* 
No Damage or Degradation 
in Performance 


Saturated Output Power (Single Tone) 
(f = 100-500 MHz) 
psat 
30 
35 
— 
W 


Power Output 
pout 
25 
30 
— 
W 


Second Harmonic Suppression (Pout = 25 W, CW,f2h = 0.2-1.0 GHz) 
dSo 
20 
33 
- 
dB 


MOTOROLA RF DEVICE DATA 
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PAM0105-7-25L 


ITO = P0 + — @ IMD > 60dB 


PEP = 4xP0@IMD= -32dB 


Rgure 1.2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 100-500 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 100 to 500 MHz 
Output Power — 8.0 W (Typ), 100-500 MHz 
Power Gain, Small-Signal — 31 dB Typ @ f = 500 MHz 
ITO — 48.5 dBm Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0105-29-6LA 


MAXIMUM RATINGS 


PAM0105-29-6L 


8.0 WATTS 
100-500 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


CASE 38SC-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
26 
Vdc 


RF Power Input 
Pin 
15 
dBm 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


Operating Temperature Range 
TC 
-40 to +30 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V, 50 fi system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
ice 


— 
1800 
1950 
mAdc 


Small-Signal Gain (f = 100-500 MHz) 
GSS 
29 
31 
— 
dB 


Bandwidth 
BW 
100 
— 
500 
MHz 


Gain Flatness (f = 100-500 MHz) 
— 
— 
±1.5 
±2.0 
dB 


Input VSWR (f = 100-500 MHz) 
VSWRjn 
- 
3.0:1 
3.5:1 
— 


Output VSWR (f = 100-500 MHz) 
VSWRout 
— 
2.0:1 
3.0:1 
- 


Third Order Intercept Point (f = 100-500 MHz) 
(See Figure 1) 


ITO 
+47.5 
+ 48.5 
— 
dBm 


Noise Figure (f = 100-500 MHz) 
NF 
- 
6.5 
7.5 
dB 


Load Mismatch (P0 = 6.0 W, f = 100 MHz, Load VSWR = oo:1) 
* 
No Damage or Degradation in Performance 


Saturated Output Power (Single Tone) 
(f = 100-500 MHz) 
psat 
8.0 
10 
— 
W 


Power Output 
Pout 
6.0 
8.0 
— 
W 


Second Harmonic Suppression (Pout = 6.0 W CW, f2h = 200 MHz) 
dso 
15 
20 
- 
dB 


MOTOROLA RF DEVICE DATA 
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PAM0105-29-6L 


[MD 
rro = P0 +-y @IMD > 60 dB 


PEP = 4xP0@IMD= -32dB 


Rgure 1. 2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the VHF frequency range. This solid 
state. Class A amplifier incorporates microstrip circuit technologyand high performance, 
gold metallized transistors to provide a complete broadband, linear amplifier operating 
from a supply voltage of 28 volts. 
• Specified Vcc = 28 Volt and Tc = 25°C Characteristics: 
Frequency Range — 172 to 225 MHz 
Output Power — 10 W Peak Sync Output 
Power Gain, Small-Signal — 46 dB Typ @ f = 225 MHz 
Noise Figure — 5.0 dB Typ @ f = 225 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 


MAXIMUM RATINGS 


PAM225-42-10LA 


10 WATTS 
172-225 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
29 
Vdc 


RF Power Input 
Pin 
5.0 
dBm 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


Operating Temperature Range 
Tc 
-40 to +90 
•c 


ELECTRICAL CHARACTERISTICS (Tc = 25X,VCc = 28V, 50fl systemunless otherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unh 


Supply Current (Vcc = 28 V) 
ice 
— 
3.4 
— 
Adc 


Small-Signal Gain (f = 172-225 MHz) 
GSS 
42 
46 
51 
dB 


Bandwidth 
BW 
172 
— 
225 
MHz 


Gain Flatness (f = 172-225 MHz) 
— 
— 
±0.5 
±1.0 
dB 


Input VSWR (f = 172-225 MHz) 
VSWRin 
— 
1.5:1 
2.0:1 
— 


Output VSWR (f = 172-225 MHz) 
VSWRout 
— 
2.0:1 
2.5:1 
— 


Noise Figure (f = 172-225 MHz) 
NF 
5.0 
5.0 
— 
dB 


Load Mismatch (P0 = 10 W, f = 172 MHz,Load VSWR = oo:1) 
<i> 
No Damage or Degradation in Performance 


Power Output (See Figure 1) @ IMD 3-Tone = -58 dB, 
Vision Carrier = -8.0 dB Reference, Sound Carrier = -10 dB 
Reference, Sideband Carrier = -16 dB Reference 


Pout(1) 
10 
W 


Power Output @ IMD 3-Tone = -55 dB, 
Vision Carrier = -8.0 dB Reference, Sound Carrier = -7.0 dB 
Reference, Sideband Carrier = -16 dB Reference 


Pout(2) 
10 
W 


MOTOROLA RF DEVICE DATA 
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PAM225-42-10LA 


«1 
«1 + »3 - '2 
'2 
f3 


Rgure 1. 3-Tone TV Intermodulation Test 


MOTOROLA RF DEVICE DATA 
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f, VIDEO 
f2SIDEBAND 
f3SOUND 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed forwideband linear applications inthe 500-1000 MHz frequency range. 
Thissolid state,Class A amplifier incorporates microstrip circuit technology andhigh 
performance, gold metallized transistors to provide a completebroadband, linear ampli 
fier operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 500 to 1000 MHz 
Output Power — 7.0 W (Typ) 
Gain, Small-Signal — 27 dB Typ (ft f = 1000 MHz 
ITO— +48.5 dBm Typ (a f = 1000 MHz 
• 50 Ohm input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 Vcc M°del Available, P/N PAM0510-25-6LA 


MAXIMUM RATINGS 


PAM0510-25-6L 


6.0 WATTS 
500-1000 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


CASE 389C-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 
Supply Voltage 
vcc 
25 
Vdc 
RF Power Input 
Pin 
+ 20 
dBm 
Storage Temperature Range 
Tstg 
-55 to +125 
X 
Operating Temperature Range 
TC 
-40 to +70 
°C 
ELECTRICAL CHARACTERISTICS (TC = 25°C. VCc = 24V,5011 system unlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Supply Current (Vcc = 24 V) 
'CC 
— 
1600 
1750 
mAdc 
Small-Signal Gain (f = 500-1000 MHz) 
GSS 
25 
27 
— 
dB 


Bandwidth 
BW 
500 
— 
' 
1000 
MHz 


Gain Flatness (f = 500-1000 MHz) 
- 
— 
±1.0 
±1.5 
dB 


Input VSWR (f = 500-1000 MHz) 
VSWRjn 
— 
— 
2.5:1 
— 


Output VSWR (f = 500-1000 MHz) 
VSWRout 
— 
2.5:1 
— 
— 


Third Order Intercept Point (f = 500-1000 MHz) 
(See Figure 1) 
ITO 
+ 47.5 
+ 48.5 
— 
dBm 


Noise Figure (f = 500-1000 MHz) 
NF 
- 
8.0 
9.5 
dB 
Load Mismatch (P0 = 6.0 W, f = 500 MHz,Load VSWR = x:1) 
<!> 
No Dama je or Degradation in Performance 
Saturated Output Power (Single Tone) 
(f = 500-1000 MHz) 
psat 
7.0 
8.0 
— 
W 


Power Output (f = 500-1000 MHz) 
Po 
6.0 
7.0 
— 
W 
Second HarmonicSuppression (Pout = 6.0W CW, f2h = 10 GHz) 
dso 
25 
35 


- 
dB 


MOTOROLA RF DEVICE DATA 


5-282 


PAM0510-25-6L 


IMD 
ITO = P0 +-y &IMD >60 dB 


PEP = 4x P0 <fi IMD = -32 


Rgure 1. 2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-283 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linearapplicationsin the 800-1000 MHz frequency range. 
This solid state. ClassA amplifierincorporates microstrip circuit technologyand high 
performance, gold metallized transistors to provide a complete broadband, linearampli 
fier operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 800 to 1000 MHz 
Output Power — 50 W (Typ), 800-1000 MHz 
Power Gain — 7.0 dB Typ @ f = 1000 MHz 
ITO— 56.5 dBm Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0810-6-50LA 


MAXIMUM RATINGS 


PAM0810-6-50L 


60 WATTS 
800-1000 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


CASE 38SD-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
VCC 
25 
Vdc 


RF Power Input 
Pin 
20 
W 


Storage Temperature Range 
Tstg 
-55 to +125 
•c 


Operating Temperature Range 
TC 
-40 to +70 
°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCc = 24V,5011system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
ice 


— 
9.6 
— 
Adc 


Power Gain (f = 800-1000 MHz) 
Gp 
6.0 
7.0 
— 
dB 


Bandwidth 
BW 
800 
— 
1000 
MHz 


Gain Flatness (f = 800-1000 MHz) 
— 
— 
±0.5 
±0.75 
dB 


Input VSWR (f = 800-1000 MHz) 
VSWRin 
— 
— 
1.5:1 
— 


Output VSWR (f = 800-1000 MHz) 
VSWR0U, 
— 
— 
1.5:1 
— 


Third Order Intercept Point (f = 800-1000 MHz) 
(See Figure 1) 
ITO 
56 
56.5 
— 
dBm 


Load Mismatch (P0 = 50 W, f = 800 MHz,Load VSWR = oo:1) 
<l> 
No Damage or Degradation in Performance 


Saturated Output Power (Single Tone) 
(f = 800-1000 MHz) 
PS8t 
60 
70 
— 
W 


Power Output 
pout 
50 
60 
— 
W 


Second Harmonic Suppression (Pout = 50 W CW,f2h = 1.6 GHz) 
dso 
35 
45 
- 
dB 


MOTOROLA RF DEVICE DATA 


5-284 


PAM0810-6-50L 


ITO =P0 +^ @IMD >60 dB 


PEP = 4xP0@IMD = -32 dB 


Po"All 
_A 
I L 
(i 
JT 
'2 
A 


2f2-f1 


Rgure 1.2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-285 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed forwideband linearapplications inthe 800-1000 MHz frequency range. 
Thissolidstate, Class Aamplifier incorporates microstrip circuit technology and high 
performance, goldmetallized transistorsto provide a complete broadband, linear ampli 
fier operating from a supply voltage of 24 volts. 
• SpecifiedVcc = 24 Voltand Tc = 25°C Characteristics: 
Frequency Range — 800 to 1000 MHz 
Output Power —30 W (Typ)@ 1.0 dB Compression 
Power Gain, Small-Signal — 8.0 dB Typ @ f = 1000 MHz 
ITO— 55 dBm Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold MetallizedTransistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0810-7-25LA 


MAXIMUM RATINGS 


PAM0810-7-25L 


30 WATTS 
800-1000 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
25 
Vdc 


RF Power Input 
Pin 
10 
W 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


Operating Temperature Range 
TC 
-40 to +70 
°C 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, VCc = 24V, 60n systemunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
ice 


— 
4.8 
— 
Adc 


Small-Signal Gain (f = 800-1000 MHz) 
GSS 
7.0 
8.0 
— 
dB 


Bandwidth 
BW 
800 
— 
1000 
MHz 


Gain Flatness (f = 800-1000 MHz) 
— 
— 
±0.5 
±0.75 
dB 


Input VSWR (f = 800-1000 MHz) 
VSWRin 
— 
1.5:1 
2.0:1 
— 


Output VSWR (f = 800-1000 MHz) 
VSWRout 
— 
1.5:1 
2.0:1 
— 


Third Order Intercept Point (f = 800-1000 MHz) 
(See Figure 1) 
ITO 
54 
55 
— 
dBm 


Noise Figure (f = 800-1000 MHz) 
NF 
— 
11 
12.5 
dB 


Load Mismatch (P0 = 25 W, f = 800 MHz, Load VSWR = oc:1) 
* 
No Damage or Degradation in Performance 


Saturated Output Power (Single Tone) 
(f = 800-1000 MHz) 
psat 
35 
40 
— 
W 


Power Output @ 1.0 dB Compression Point 
PldB 
25 
30 
— 
W 


Second Harmonic Suppression (Pout = 25 W CW, f2n = -2.0 GHz) 
dso 
35 
45 
- 
dB 


MOTOROLA RF DEVICE DATA 


5-286 


PAM0810-7-25L 


IMD 
TO = P0 +-y @IMD > 60 dB 


PEP = 4xP0@IMD= -32dB 


Rgure 1.2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-287 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 800-1000 MHz frequency range. 
This solid state. Class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli 
fier operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 800 to 1000 MHz 
Output Power — 12 W (Typ). 800-1000 MHz 
Power Gain, Small-Signal — 10 dB Typ @ f = 1000 MHz 
ITO — 50 dBm Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0810-8-1OLA 


MAXIMUM RATINGS 


PAM0810-8-1 OL 


12 WATTS 
800-1000 MHz 
LINEAR 
RF POWER 
AMPLIFIER 


CASE 389E-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
25 
Vdc 


RF Power Input 
Pin 
6.0 
W 


Storage Temperature Range 
Tstg 
-55 to +125 
"C 


Operating Temperature Range 
TC 
-40 to +70 
X 


ELECTRICAL CHARACTERISTICS(Tc = 25°C, Vcc = 24V, 50n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
ice 
— 
2.4 
— 
A 


Small-Signal Gain (f = 800-1000 MHz) 
GSS 
8.0 
10 
— 
dB 


Bandwidth 
BW 
800 
— 
1000 
MHz 


Gain Flatness (f = 800-1000 MHz) 
- 
— 
±0.5 
±0.75 
dB 


Input VSWR (f = 800-1000 MHz) 
VSWRin 
- 
1.5:1 
2.0:1 
— 


Output VSWR (f = 800-1000 MHz) 
VSWRout 
— 
1.5:1 
2.0:1 


— 
Third Order Intercept Point (f = 800-1000 MHz) 
(See Figure 1) 
ITO 
+48.5 
+ 50 
— 
dBm 


Noise Figure (f = 800-1000 MHz) 
NF 
— 
10 
11.5 
dB 


Load Mismatch (P0 = 10 W, f = 800 MHz, Load VSWR = oo:1) 
<!> 
No Damage or Degradation 
in Performance 


Saturated Output Power (Single Tone) 
(f = 800-1000 MHz) 
psat 
12 
15 
— 
W 


Power Output 
pout 
10 
12 
- 
W 


Second Harmonic Suppression (Pout - 
10 W, CW, f2h - 1.6-2.0 GHz) 
ds0 
35 
45 
- 
dB 


MOTOROLA RF DEVICE DATA 


5-288 


PAM0810-8-1 OL 


IMD 
ITO = P0 +y @IMD >60 dB 


PEP = 4x P0 <S> IMD = -32 dB 


Po" 
AAi 
__A 
/ 
L 
fi 
JT" 


«2 
A 
2f2-f! 


Rgure 1. 2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-289 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 800 to 1000 MHzfrequency range. 
This solid state, class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli 
fier operating from a supply voltage of 24 volts. 


• Specified Vcc = 24 Volts and Tc = 25°CCharacteristics: 
Frequency Range — 800 to 1000 MHz 
Output Power — 3.2 W (Typ) <S> - 32 dB IMD 
Power Gain, Small-Signal — 26 dB Typ (5 f = 1000 MHz 
ITO — 45 dBm Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• 
Gold Metallized Transistors for Improved Reliability 
• 28 Vcc Model Available, P/N PAM0810-24-3LA 


MAXIMUM RATINGS 


PAM0810-24-3L 


3.2 WATTS 
800-1000 MHz 
LINEAR 
RF POWER 
AMPLIRER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
26 
Vdc 


RF Power Input 
Pin 
20 
dBm 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


Operating Temperature Range 
TC 
-40 to +70 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25°C, Vcc = 24 V,50 fi system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 24 V) 
'CC 
- 
950 
1050 
mAdc 


Small-Signal Gain (f = 800-1000 MHz) 
GSS 
24 
26 
— 
dB 


Bandwidth 
BW 
800 
— 
1000 
MHz 


Gain Flatness (f = 800-1000 MHz) 
— 
- 
±0.5 
±1.0 
dB 


Input VSWR (f = 800-1000 MHz) 
VSWRjn 
- 
- 
2.5:1 
- 


Output VSWR (f = 800-1000 MHz) 
VSWRout 
- 
2.0:1 
- 
- 


Third Order Intercept Point (f = 800-1000 MHz) 
(See Figure 1) 


ITO 
44.5 
45 
— 
dBm 


Noise Figure (f = 800-1000 MHz) 
NF 
- 
8.0 
9.5 
dB 


Load Mismatch <P0 = 3.0 W, f = 800 MHz, Load VSWR = x:1) 
ili 
No Damage or Degradation in Performance 


Saturated Output Power (Single Tone) 
(f = 800-1000 MHz) 
psat 
4.0 
5.0 
— 
W 


Peak Envelope Power for Two Tone Distortion Test 
(f = 800-1000 MHz <§ -32 dB IMD) (See Figure 1) 
pout 
2.8 
3.2 
— 
W 


Second Harmonic Suppression (Pout = 3.0 W CW,f2h = 1-6 GHz) 
dso 
25 
35 
- 
dB 


MOTOROLA RF DEVICE DATA 


5-290 


PAM0810-24-3L 


[MD 
ITO = P0 + — 
<8> IMD > 60dB 


PEP = 4xP0<SMMD= -32dB 


Figure 1. 2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-291 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 800-1000 MHzfrequency range. 
This solid state. Class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli 
fier operating from a supply voltage of 28 volts. 
• Specified Vcc = 28 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 800 to 1000 MHz 
Output Power — 5.0 W (Typ) @ -30 dB IMD 
Power Gain, Small-Signal — 26 dB Typ @ f = 1000 MHz 
ITO — 47.5 dBm Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 24 Vcc Model Available, P/N PAM0810-24-5L 


MAXIMUM RATINGS 


PAM0810-24-5LA 


5.0 WATTS 
800-1000 MHz 
LINEAR 
RF POWER 
AMPLIRER 


CASE 383C-01, STYLE 1 
(PAM) 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
29 
Vdc 


RF Power Input 
Pin 
20 
dBm 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


Operating Temperature Range 
TC 
-40 to +70 
°C 


ELECTRICAL CHARACTERISTICS (Tc ° 25''C, Vcc = 28 V, 50n systemunlessotherwisenoted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
'CC 
— 
1600 
1750 
mAdc 


Small-Signal Gain (f = 800-1000 MHz) 
GSS 
24 
26 
— 
dB 


Bandwidth 
BW 
800 
— 
1000 
MHz 


Gain Flatness (f = 800-1000 MHz) 
— 
— 
±0.5 
±1.0 
dB 


Input VSWR (f = 800-1000 MHz) 
VSWRjn 
— 
— 
2.5:1 
— 


Output VSWR (f = 800-1000 MHz) 
VSWRout 
— 
2.5:1 
— 
— 


Third Order Intercept Point (f = 800-1000 MHz) 
(See Figure 1) 
ITO 
46.5 
47.5 
— 
dBm 


Noise Figure (f = 800-1000 MHz) 
NF 
— 
8.0 
9.5 
dB 


Load Mismatch (P0 = 5.0 W, f = 800 MHz, Load VSWR = oo:1) 
* 
No Damage or Degradation in Performance 


Saturated Output Power (Single Tone) 
(f = 800-1000 MHz) 
psat 
7.0 
8.0 
— 
W 


Power Output 
(-30 dB IMD, Two Tone) 
Pout 
4.5 
5.0 
— 
W 


Second Harmonic Suppression (Pout - 5.0 W CW,f2h = 1.6 GHz) 
ds0 
25 
35 
— 
dB 


MOTOROLA RF DEVICE DATA 


5-292 


PAM0810-24-5LA 


IMD 
ITO = P„ +-y @IMD >60 dB 


PEP = 4xP0@|MD= -32dB 


'.- A 


, 
h 


M 
IMD 


' 
_J\ 
I L 
'i 
J 1 
'2 
X" 


2f2-n 


Rgure 1. 2-Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-293 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 1 to 200 MHz frequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 28 volts. 


• Specified Vcc = 28 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 1 to 200 MHz 
Output Power — 2 W Typ @ 1 dB Gain Compression, f = 100 MHz 
Power Gain — 36 dB Typ @ f = 100 MHz 
ITO — 51 dBm Typ @ f = 100 MHz 
• 50 Ohm Input/Output Impedance 
• 
Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 


MAXIMUM RATINGS 


SHP02-36-20 


2 WATTS 
1-200 MHz 
LINEAR 
POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
30 
Vdc 


RF Power Input 
Pin 
5 
dBm 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


Operating Temperature Range 
TC 
-40 to +65 
X 


ELECTRICALCHARACTERISTICS (Tc = 25X, Vcc = 28 V,50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
•cc 
400 
435 
470 
mA 


Power Gain (f = 100 MHz) 
Gp 
34 
36 
37 
dB 


Bandwidth 
BW 
1 
- 
200 
MHz 


Gain Flatness (P-P) (f = 1-200 MHz) 
- 
- 
1 
2.5 
dB 


Input/Output VSWR (f = 1-200 MHz) 
— 
— 
1.5:1 
2:1 
— 


Output Power @ 1 dB Gain Compression 
(f = 100 MHz) 
(f = 200 MHz) 
PoldB 
32 
31 
33 
32 


— 
dBm 


Third Order Intercept Point 
(f = 100 MHz) 
(f = 200 MHz) 


ITO 
49 
44 
51 
45 


— 
dBm 


Noise Figure 
(f = 100 MHz) 
(f = 200 MHz) 


NF 
— 
4.5 
5.5 


6 


7 
dB 


MOTOROLA RF DEVICE DATA 


5-294 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30 to 500 MHz frequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance,, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 30 to 500 MHz 
Output Power — 1 W Typ @ 1 dB Gain Compression, f = 100 MHz 
Power Gain — 20 dB Typ @ f = 50 MHz 
ITO— 49 dBm Typ @ f = 300 MHz 
Noise Figure — 6 dB Typ @ f = 500 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold MetallizedTransistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP05-20-10 


1 WATT 
30-500 MHz 
LINEAR 
POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
15 
dBm 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


Operating Temperature Range 
TC 
-40 to +85 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25X, Vcc = 24 V,50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc - 24 V) 
ice 
390 
415 
440 
mA 


Power Gain (f = 50 MHz) 
GP 
19 
20 
21 
dB 


Bandwidth 
BW 
30 
— 
500 
MHz 


Gain Slope (f = 30-500 MHz) 
S 
0 
0.6 
1.6 
dB 


Gain Flatness (P-P around slope) (f = 30-500 MHz) 
— 
— 
0.5 
1 
dB 


Input/Output VSWR (f = 30-500 MHz) 
— 
— 
1.2:1 
1.5:1 
— 


Output Power @ 1 dB Gain Compression 
(f = 300 MHz) 
(f = 500 MHz) 
PoldB 
31 
28 
33 
30 
dBm 


Third Order Intercept Point 
(f = 300 MHz) 
(f -= 500 MHz) 
ITO 
47 
40 
49 
42 


— 
dBm 


Noise Figure 
(f = 300 MHz) 
(f = 500 MHz) 
NF 


— 
4.5 


6 
5.5 


7 
dB 


MOTOROLA RF DEVICE DATA 


5-295 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30-450 MHzfrequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24Volt andfc = 25°C Characteristics: 
Frequency Range — 30 to 450 MHz 
Output Power — 1.2 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 22 dB Typ @ f = 50 MHz 
ITO— 39 dBm Typ @ f = 450 MHz 
Noise Figure — 6 dB Typ @ f = 450 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold MetallizedTransistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP05-22-04 


1.2 WATT 
30 TO 450 MHz 
LINEAR 
POWER 
AMPLIFIER 


SHP 
CASE 389A-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 15 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
X 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25X, Vcc = 24V,50n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
30 
— 
450 
MHz 


Gain Flatness (Peak-to-Peak) (f = 30-450 MHz) 
— 
— 
0.5 
1 
dB 


Power Gain (f = 50 MHz) 
PG 
21.2 
21.9 
22.4 
dB 


Noise Figure, Broadband 
(f = 300 MHz) 
(f = 450 MHz) 
NF 
5 


6 
6 


7 
dB 


Power Output — 1 dB Compression 
(f = 300 MHz) 
(f = 450 MHz) 
PoldB 
30 
26 
31 
27 
dBm 


Third Order Intercept 
(f = 300 MHz) 
(See Figure 1) 
(f = 450 MHz) 
ITO 
42 
37 
44 
39 


— 
dBm 


Input/Output VSWR (f = 30-450 MHz) 
VSWR 
— 
1.2:1 
1.5:1 
— 


Supply Current 
ice 
175 
220 
250 
mA 


Gain Slope (f = 30-450 MHz) 
S 
0 
1 
2 
dB 


•to . po .-^-aiuo>»»a 


PEP. 4KPSOIU0 - 
-320B 
Rgure 1. Tone Intermodulation Test 


MOTOROLA RF DEVICE DATA 


5-296 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30 to 450 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc ~ 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 30 to 450 MHz 
Output Power — 1 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 34 dB Typ @ f = 50 MHz 
ITO— 38 dBm Typ @ f = 450 MHz 
Noise Figure — 6 dB Typ @ f = 450 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP05-34-04 


1WATT 
30-450 MHz 
LINEAR 
POWER 
AMPLIFIER 


SHP 
CASE 389A-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
0 
dBm 


Storage Temperature Range 
Tstg 
-55to +100 
X 


Operating Temperature Range 
TC 
-40 to +85 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25X,Vcc = 24V. 50fl systemunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 
Supply Current (Vcc = 24 V) 
ice 
280 
315 
345 
mA 


Power Gain (f = 50 MHz) 
GP 
33 
34 
35 
dB 


Bandwidth 
BW 
30 
— 
450 
MHz 
Gain Slope (f = 30-450 MHz) 
S 
0 
1 
2 
dB 
Gain Flatness (P-P around slope) (f = 30-450 MHz) 
- 
0 
0.5 
1 
dB 
Input/Output VSWR (f = 30-450 MHz) 
— 
— 
1.2:1 
1.5:1 
— 
Output Power @ 1 dB Gain Compression 
(f = 300 MHz) 
(f = 450 MHz) 
po1dB 
28 
24 
30 
26 
__ 
dBm 


Third Order Intercept Point 
(f = 300 MHz) 
(f = 450 MHz) 
ITO 
42 
36 
45 
38 


_ 
dBm 


Noise Figure 
(f = 300 MHz) 
(f = 450 MHz) 
NF 


— 
5 


6 


6 


7 
dB 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 30-550 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 


• Specified Vcc = 24 Volt and Tc = 25°C Characteristics: 
Frequency Range — 30 to 550 MHz 
Output Power — 1.2 W Typ @ 1 dB Gain Compression, f = 300 MHz 
Power Gain — 18 dB Typ @ f = 50 MHz 
ITO — 45 dBm Typ @ f = 300 MHz 
Noise Rgure — 7.5 dB Typ @ f = 550 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP06-18-04 


1.2WATT 
30 TO 550 MHz 
LINEAR 
POWER 
AMPLIFIER 


SHP 
CASE 389A-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 15 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
X 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25X, VCe = 24 V, 50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
30 
- 
550 
MHz 


Gain Flatness (Peak-to-Peak) (f - 30-550 MHz) 
- 
- 
0.5 
1 
dB 


Power Gain (f = 50 MHz) 
pg 
17.5 
18 
18.5 
dB 


Noise Figure, Broadband 
(f = 300 MHz) 
(f = 550 MHz) 


NF 
— 
6 
7.6 


7 
8.5 
dB 


Power Output — 1 dB Compression 
(f = 300 MHz) 
(f = 550 MHz) 
PoldB 
29 
26 


31 
28 
— 
dBm 


Third Order Intercept 
(f = 300 MHz) 
(See Rgure 1) 
(f = 550 MHz) 


ITO 
43 
38 
45 
40 


— 
dBm 


Input/Output VSWR(f = 30-550 MHz) 
VSWR 
- 
1.2:1 
1.5:1 
- 


Supply Current 
ice 
180 
220 
250 
mA 


Gain Slope (f = 30-550 MHz) 
S 
0 
1 
2 
dB 


-OI«D>60C8 


PEP- 4XPO0IUD> -Men 


Rgure 1. Tone Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10 to 1000 MHzfrequency range. 
This solid state. Class A amplifier incorporates microstrip circuit technology and high 
performance, gold metallized transistors to provide a complete broadband, linear ampli 
fier operating from a supply voltage of 28 volts. 
• Specified Vcc = 28 Volt and Tc = 25°CCharacteristics: 
Frequency Range — 10 to 1000 MHz 
Output Power — 0.8 W Typ @ 1 dB Gain Compression, f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
ITO — 42 dBm Typ @ f = 1000 MHz 
Noise Figure — 8.5 dB Typ @ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP10-15-08 


0.8 WATT 
10-1000 MHz 
UNEAR 
POWER 
AMPLIRER 


SHP 
CASE 389A-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


Supply Voltage 
vcc 
32 
Vdc 


RF Power Input 
Pin 
20 
dBm 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


Operating Temperature Range 
TC 
-40 to +85 
X 


ELECTRICALCHARACTERISTICS (Tc = 25X, Vcc = 28 V,50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Supply Current (Vcc = 28 V) 
'cc 
360 
400 
440 
mA 


Power Gain (f = 100 MHz) 
GP 
14 
15 
16 
dB 


Bandwidth 
BW 
10 
— 
1000 
MHz 


Gain Flatness (P-P) (f = 10-1000 MHz) 
— 
— 
.. ±0.5 
±1 
dB 


Input/Output VSWR 
(f = 40-900 MHz) 
(f = 10-1000 MHz) 


— 
.2:1 
2:1 
2.5:1 


— 


Output Power @ 1 dB Gain Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
28 
27 
29 
28 


— 
dBm 


Third Order Intercept Point 
(f = 500 MHz) 
(f = 1000 MHz) 
ITO 
41 
40 
43 
42 
dBm 


Noise Figure 
(f = 500 MHz) 
(f = 1000 MHz) 
NF 


— 
7.5 
8.5 
8.5 
9.5 
dB 


MOTOROLA RF DEVICE DATA 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10-1000 MHz frequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 15 volts. 
• Specified VCc = 15Volt andTc = 25°C Characteristics: 
Frequency Range — 10 to 1000 MHz 
Output Power —800 mW Typ @1dB Gain Compression, f = 500 MHz 
Power Gain — 15 dB Typ @ f = 100 MHz 
ITO — 43 dBm Typ @ f = 500 MHz 
NoiseFigure—8.5 dBTyp@ f = 1000 MHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP10-15-08-15 


0.8 WATT 
10 TO 1000 MHz 
LINEAR 
POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
X 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


ELECTRICAL CHARACTERISTICS (Tc = 25X, Vcc = 15 V,50 f) system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
1000 
MHz 


Gain Flatness (Peak-to-Peak) (f = 10-1000 MHz) 
— 
— 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
14 
15 
16 
dB 


Noise Rgure, Broadband 
(f = 500 MHz) 
(f = 1000 MHz) 
NF 
7.5 
8.5 
8.5 
9.6 
dB 


Power Output — 1 dB Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
28 
27 
29 
28 


— 
dBm 


Third Order Intercept 
(f = 500 MHz) 
(See Figure 1) 
(f = 1000 MHz) 


ITO 
41 
40 
43 
42 
dBm 


Input/Output VSWR 
(f = 40-900 MHz) 
(f = 10-1000 MHz) 
VSWR 
— 
2:1 
2:1 
2.5:1 


— 


Supply Current 
ice 
640 
700 
810 
mA 


l,0 . p,. ^p-0'MD>63e! 


PtP . IXPcOIUO - 
-32C8 
Rgure 1. Tone Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10-1000 MHz frequency range. This 
solid state, Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 24 volts. 
• Specified Vcc = 24 Vo,t and TC = 25°c Characteristics: 
Frequency Range — 10 to 1000 MHz 
Output Power— 400 mW Typ @ 1 dB GainCompression, f = 1 GHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
ITO — 40 dBm Typ @ f = 500 MHz 
Noise Figure — 7.5 dB Typ @ f = 1 GHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for Improved Reliability 
• 
Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


SHP10-17-04 


0.4 WATT 
10 TO 1000 MHz 
LINEAR 
POWER 
AMPLIFIER 


SHP 
CASE 389A-01, STYLE 1 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
28 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
X 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


ELECTRICAL CHARACTERISTICS (Tc ° 2SX, VCc ° 24V,SO 0 systemunlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
— 
1000 
MHz 


Gain Flatness (Peak-to-Peak) (f = 10-1000 MHz) 
— 
— 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
15.9 
17 
18.1 
dB 


Noise Figure, Broadband 
(f = 500 MHz) 
(f = 1000 MHz) 
NF 
6.5 
7.5 
7.5 
8.5 
dB 


Power Output — 1 dB Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
25 
25 
26 
26 


— 
dBm 


Third Order Intercept 
(f = 500 MHz) 
(See Figure 1) 
(f = 1000 MHz) 
ITO 
38 
37 
40 
39 


^ 
dBm 


Input/Output VSWR 
(f = 40-300 MHz) 
(f = 10-1000 MHz) 
VSWR 


2:1 
2:1 
2.5:1 


— 


Supply Current 
ice 
190 
220 
245 
mA 


-aiuo>tooe 


IPSO'WO - 
-3K8 


Rgure 1. Tone Intermodulation Test 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


The RF Line 
Linear Power Amplifier 


... designed for wideband linear applications in the 10-1000 MHzfrequency range. This 
solid state. Class A amplifier incorporates microstrip circuit technology and high perfor 
mance, gold metallized transistors to provide a complete broadband, linear amplifier 
operating from a supply voltage of 15 volts. 


• Specified Vcc - I5 Vo,t ancl TC = 25°C Characteristics: 
Frequency Range — 10 to 1000 MHz 
Output Power — 400 mW Typ @ 1 dB Gain Compression, f = 1 GHz 
Power Gain — 17 dB Typ @ f = 100 MHz 
ITO — 40 dBm Typ @ f = 500 MHz 
Noise Figure — 7.5 dB Typ @ f = 1 GHz 
• 50 Ohm Input/Output Impedance 
• Heavy Duty Machined Housing 
• Gold Metallized Transistors for improved Reliability 
• 
Moisture Resistant, EMI Shielded Package 


MAXIMUM RATINGS 


0.4 WATT 
10 TO 1000 MHz 
LINEAR 
POWER 
AMPLIFIER 


Rating 
Symbol 
Value 
Unit 


DC Supply Voltage 
vcc 
18 
Vdc 


RF Power Input 
Pin 
+ 20 
dBm 


Operating Case Temperature Range 
TC 
-40 to +85 
X 


Storage Temperature Range 
Tstg 
-55 to +100 
X 


ELECTRICALCHARACTERISTICS (Tc = 25X, VCc = 15V,50 n system unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Frequency Range 
BW 
10 
- 
1000 
MHz 


Gain Flatness (Peak-to-Peak) (f = 10-1000 MHz) 
— 
— 
±0.5 
±1 
dB 


Power Gain (f = 100 MHz) 
PG 
15.9 
17 
18.1 
dB 


Noise Figure, Broadband 
(f - 500 MHz) 
(f = 1000 MHz) 


NF 


— 
6.5 
7.5 
7.5 
8.5 
dB 


Power Output — 1 dB Compression 
(f = 500 MHz) 
(f = 1000 MHz) 
PoldB 
25 
25 
26 
26 
— 
dBm 


Third Order Intercept 
(f = 500 MHz) 
(See Rgure 1) 
(f = 1000 MHz) 


ITO 
38 
37 
40 
39 
— 
dBm 


Input/Output VSWR (f = 40-900 MHz) 
(f = 10-1000 MHz) 


VSWR 
— 
2:1 
2:1 
2.5:1 


— 


Supply Current 
'CC 
340 
400 
420 
mA 


PfP . MPOOIUO • 
-3KSB 


Rgure 1. Tone Intermodulation Test 
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6-1 


Volume II 


Tuning, Hot Carrier and 
PIN Diode Data Sheets 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


SILICON EPICAP DIODES 


... designed for electronic tuning and harmonic-generation ap 
plications, and providing solid-state reliability to replace me 
chanical tuning methods. 


• Guaranteed High-Frequency Q 
• Guaranteed Wide Tuning Range 
• Guaranteed Temperature Coefficient 
• Standard 10% Capacitance Tolerance 
• Complete Typical Design Curves 


MAXIMUM RATINGS (Tc = 2SX unless otherwise noted) 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
VR 
60 
Volts 


Forward Current 
IF 
250 
mA 


RF Power Inputt 
Pin 
5 
Watts 


Device Dissipation (« Ta =• 25X 
Derate above 25X 
PD 
400 
2.67 
mW 
mW/X 


Device Dissipation (a Tc = 25X 
Derate above 25X 
PC 
2.0 
13.3 
Watts 
mW/X 


Junction Temperature 
TJ 
+ 175 
X 


Storage Temperature Range 
Tstg 
-65to +200 
X 


tThe RF power input rating assumes that an adequate heat sink is provided. 


MOTOROLA RF DEVICE DATA 
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1N5139 
1N5139A 
thru 
thru 
1N5148 
1N5148A 


6.8-47 pF EPICAP 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


SIUCON 
EPITAXIAL PASSfVATED 


NOTES: 
1. PACKAGE CONTOUR OPTIONAL WITHIN DIA B AN0 
LENGTH A. HEAT SLUGS. IF ANY. SHALL GE INCLU0E0 
WITHIN THIS CYLINDER. BUT SHALL NOT BE SUBJECT TO 
THE WIN LIMIT OF DIA B. 


2. LEAD OIA NOT CONTROLLED IN ZONES F. TO ALLOW 
FOR FLASH. LEAD FINISH BUILDUP. AND MINOR 
IRREGULARITIES OTHER THAN HEAT SLUGS. 


nrc 


it 


K 
L 


J\ 


DIM 
KUUMETERS 
INCHES 
MIN 
1 MAX 
MIN 
MAX 


A 
iM \un 
0210 
0.100 
B 
MB 
1.72 
OJJJS 
0,107 
0 
o.« last 
aoti 
0.022 
r 
- 
Ii7 
- 
&GS0 
a 
24.40 lM.10 \m 
1.500 


All JEGEC dkiwistom Md new tp»!y 


CASE 51-02 
DO-204AA 


1N5139 thru 1N5148, 1N5139A thru 1N5148A 


ELECTRICAL CHARACTERISTICS (Ta = 25X unless otherwise noted) 


Characteristic — All Types 
Test Conditions 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
IR = 10 nAdc 
BVR 
60 
70 
— 
Vdc 


Reverse Voltage Leakage Current 
VR = 55 Vdc, TA = 25X 
VR = 55 Vdc, TA = 150X 
IR 
z 
z 
0.02 
20 
jiAdc 


Series Inductance 
f = 250 MHz, L - 
1/16" 
LS 


— 
4 
— 
nH 


Case Capacitance 
f = 1 MHz, L »• 1/16" 
CC 
— 
0.17 
— 
PF 
Diode Capacitance Temperature 
Coefficient 
VR = 4 Vdc, f = 1 MHz 
TCC 
200 
_ 
ppm/X 


CT. Diode Capacitance 
Q, Rgure of Merit 
TR, Tuning Ratio 
VR = 4 Vdc, f = 1 MHz 
pF 
VR = 4 Vdc, 


f = SO MHz 
VR = 4 Vdc, f = 1 MHz 
C4/C60 
f = 
1 MHz 


Device 
Min 
Typ 
Max 
Min 
Min 
Typ 
Min 
Typ 


1N5139 
6.1 
6.8 
7.5 
350 
0.37 
0.40 
2.7 
2.9 
1N5139A 
6.5 
6.8 
7.1 
350 
0.37 
0.40 
2.7 
2.9 
1N5140 
9.0 
10.0 
11.0 
300 
0.38 
0.41 
2.8 
3.0 
1N5140A 
9.5 
10.0 
10.5 
300 
0.38 
0.41 
2.8 
3.0 


1N5141 
10.8 
12.0 
13.2 
300 
0.38 
0.41 
2.8 
3.0 
1N5141A 
11.4 
12.0 
12.6 
300 
0.38 
0.41 
2.8 
3.0 
1NS142 
13.5 
15.0 
16.5 
250 
0.38 
0.41 
2.8 
3.0 
1N5142A 
14.3 
15.0 
15.7 
250 
0.38 
0.41 
2.8 
3.0 


1N5143 
16.2 
18.0 
19.8 
250 
0.38 
0.41 
2.8 
3.0 
1N5143A 
17.1 
18.0 
18.9 
250 
0.38 
0.41 
2.8 
3.0 
1NS144 
19.8 
22.0 
24.2 
200 
0.43 
0.45 
3.2 
3.4 
1N5144A 
20.9 
22.0 
23.1 
200 
0.43 
0.45 
3.2 
3.4 


1NB145 
24.3 
27.0 
29.7 
200 
0.43 
0.45 
3.2 
3.4 
1N5145A 
25.7 
27.0 
28.3 
200 
0.43 
0.45 
3.2 
3.4 
1N5146 
29.7 
33.0 
36.3 
200 
0.43 
0.45 
3.2 
3.4 
1N5146A 
31.4 
33.0 
34.6 
200 
0.43 
0.45 
3.2 
3.4 


1N5147 
36.1 
39.0 
42.9 
200 
0.43 
0.45 
3.2 
3.4 
1N5147A 
37.1 
39.0 
40.9 
200 
0.43 
0.45 
3.2 
3.4 
1N5148 
42.3 
47.0 
51.7 
200 
0.43 
0.45 
3.2 
3.4 
1N5148A 
44.7 
47.0 
49.3 
200 
0.43 
0.45 
3.2 
3.4 


PARAMETER TEST METHODS 


1. L„SERIES INDUCTANCE 
Ls is measured on a shorted package at 250 MHzusing an 
impedance bridge (Boonton Radio Model 250A RXMeter). 
L = lead length. 


2. Cc,CASE CAPACITANCE 
Cc is measured on an open package at 1 MHz using a ca 
pacitance bridge (Boonton Electronics Model 75A or 
equivalent). 


3. CT, DIODE CAPACITANCE 
(Ct = Cc + Cj). Cr is measured at 1 MHzusing a capaci 
tance bridge (Boonton Electronics Model 7SA or 
equivalent). 


4. TR,TUNING RATIO 
TR Is the ratio of Ct measured at 4 Vdc divided by Ct meas 
ured at 60 Vdc. 


5. Q,FIGURE OFMERIT 
Q is calculated by taking the G and C readings of an admit 


tance bridge at the specified frequency and substituting in 
the following equations: 


V 
G 
(Boonton Electronics Model 33AS8). 


6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 
The diode capacitance, Ct (as measured at V, = 4 Vdc, 
f = 1 MHz)is compared to Ct (as measured at V« = 60 Vdc, 
f = 1 MHz)by the following equation which defines a. 
a_logC,(4)-logC,(60) 
log 60 — log 4 
Note that a Ct versus V, law is assumed as shown in the 
following equation where Cc is included. 
c, = JL 
V« 
7. TCc,DIODE CAPACITANCE TEMPERATURE COEFFICIENT 
TCc is guaranteed by comparing CT at V, = 4 Vdc, f = 
1 MHz. T* = -65*C with Ct at V» = 4 Vdc, f = 1 MHz. 
TA = +85*C in the following equation which defines TCc: 
TC 
ICt(+8S*C) - C,(-65'C) 1. 
10* 
I 
85+65 
I C,(25*C) 
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1N5139 thru 1N5148,1N5139A thru 1N5148A 


100 


FIGURE l-DI IDE CAPICITANI!Eversos REVERSE VOLTAGE 


II 
1 
1 =F=\ 
70 


50 


' *^» 
• TA= 25»C 
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1 == iMta 


30 


10 
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/ 


s 
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3 


IN15144 ' 
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X' 


1 
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V„. REVERSE VOLTAGE (VOL1S) 


FIGURE 3-NORMALIZED DIODE CAPACITANCE 
versos JUNCTION TEMPERATURE 


NORMAL ZEDTO ( 4 


V» = 4Vdc 
TA= 25°C 
1 
-100 
-75 
-SO 
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0 
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+50 
+75 
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Tj.JUNCTION TEMPERATURE 1*0 


RGURE 5- REVERSE CURRENTversosREVERSE BIAS VOLTAGE 
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V«. REVERSE VOLTAGE (VOLTS) 
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RGURE 2 - RGURE OFMERITversos REVERSE VOLTAGE 
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RGURE 4 - 
NORMALIZED RGURE OFMERIT 
versos JUNCTION TEMPERATURE 
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RGURE 6- FIGURE OF MERIT versosFREQUENCY 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


vvc 


SILICON EPICAP 
DIODES 


. . . epitaxial passivated abrupt junction tuning diodes designed for 
electronic tuning, FM, AFC and harmonic-generation applications in 
AM through UHF ranges, providing solid-state reliability to replace 
mechanical tuning methods. 


• Excellent Q Factor at High Frequencies 


• Guaranteed Capacitance Change — 2.0 to 30 V 


• Guaranteed Temperature Coefficient 


• Capacitance Tolerance — 10% and 5.0% 


• Complete Typical Design Curves 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
vr 
30 
VolH 


Device Dissipation @T^ =25°C 
Derate above 25°C 
Pd 
400 
2.67 


mW 
mW/°C 


Operating Junction Temperature Range 
Tj 
+175 
°C 


Storage Temperature Range 
Tstg 
-65 to +200 
°C 


'Indicate* JEOEC Registered Data. 
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1N5441A.B 
thru 
1N5456A.B 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


6.8 -100 pF 
30 VOLTS 


ft 
K 
L 


DO-204AA GLASS 


WK 


DIM 
MILLIMETERS 
INCHES 
KIN 
MAX 
MIN 
MAX 


A 
5.M 
'R 
O2J0 
0.J00 
B 
2.1S 
m 
0035 
9197 
0 
0.46 
0.56 
0.018 
0.022 
f 
- 
1.27 
- 
9,939 
K 
2S.40 
11.10 
1.000 
1.500 


All JEDECdCTtntiom Midooln apply 


CASE 51-02 
DO-204AA 


1N5441A,Bthru 1N5456A,B 


•ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 


Characteristic — AU Types 
Test Conditions 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
Ir = lOjiAdc 
V(BR)R 
30 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
Vr = 25 Vdc, TA = 25°C 
Vr = 25 Vdc, TA = 150°C 
IR 
— 
0.02 
20 
/iAdc 


Series Inductance 
f = 250 MHz, lead length - 1/16" 
LS 


— 
4.0 
— 
nH 


Case Capacitance 
f = 1.0 MHz, lead length - 1/16" 
cc 


— 
0.17 
— 
pF 


Diode Capacitance Temperature 
Coefficient (Note 6) 
Vr = 4.0 Vdc, f = 1.0 MHz 
TCC 
— 
300 
— 
ppm/°C 


Ct, Diode Capacitance (1) 
TR, Tuning Ratio 
Q, Figure of Merit 
Vr = 4.0 Vdc, f = 1.0 MHz 
C2/C30 
Vr = 4.0 Vdc 
pF 
f = 1.0 MHz 
f = 
SO MHz 


Min 
Max 
Device 
(Nom -10%) 
Nom 
(Nom +10%) 
Min 
Max 
Min 


1N5441A 
6.1 
6.8 
7.5 
2.5 
3.2 
450 
1N5443A 
9.0 
10.0 
11.0 
2.6 
3.2 
400 
1N5444A 
10.8 
12.0 
13.2 
2.6 
3.2 
400 
1N5445A 
13.5 
15.0 
16.5 
2.6 
3.2 
400 


1N5446A 
16.2 
18.0 
19.8 
2.6 
3.2 
350 
1N5448A 
19.8 
22.0 
24.2 
2.6 
3.2 
350 
1N5449A 
24.3 
27.0 
29.7 
2.6 
3.2 
350 
1N5450A 
29.7 
33.0 
36.3 
2.6 
3.2 
350 


1N5451A 
35.1 
39.0 
42.9 
2.6 
3.2 
300 
1N5452A 
42.3 
47.0 
51.7 
2.6 
3.2 
250 
1N5453A 
50.4 
56.0 
61.6 
2.6 
3.3 
200 
1N5455A 
73.8 
82.0 
90.2 
2.7 
3.3 
175 
1N5456A 
30.0 
100.0 
110.0 
2.7 
3.3 
175 


(1) To order devices with Ct Nom ±5.0% add Suffix B. 
•Indicates JEDEC Registered Data. 


1. L$, Series Inductance 
L$ it measured on a shorted package at 250 
MHz using an impedance bridge (Boonton 
Radio Modal 250A RX Mater or equivalent). 


2. C(;, CaseCapacitance 
Cc is measured on an open package at 1.0 
MHz using a capacitance bridge (Boonton 
Electronics Model 7SA or equivalent). 


3. Ct, Diode Capacitance 
(Ct " Cc 
♦ Cj). Cfi* measured at 1.0 MHz 
using a capacitance bridge (Boonton Elec 
tronics Model 75A or equivalent). 


4. TR, Tuning Ratio 
TR is the ratio of Ct measured at 2.0 Vdc 
divided by Ct measured at 30 Vdc. 


5. Q, Figure of Merit 
Q is calculated by taking the G end C read 
ings of an admittance bridge at the specified 
frequency and substituting in the following 
aquations: 


2«fC 


(Boonton Electronics Modal 33AS8 
or equivalent!. 


PARAMETER TEST METHODS 


TCC,Diode CapacitanceTemperature 
Coefficient 
TCc '* guaranteed by comparing Cy at Vr - 
Tc 
4.0 Vdc. f - 1.0 MHz.TA - -6S°C with CT 
at VR - 4.0 Vdc, f - 1.0 MHz, TA - +85°C 


in the following aquation, which dofinas TCC: 
|Ct(+85°C)-Ct(-65°C)| 
106 
85 ♦ 65 
|CT(25°C) 


Accuracy limited by Cj measurement to 
±0.1 pF. 


FIGURE 1 - 
NORMALIZED DIODE CAPACITANCE 
versus JUNCTION TEMPERATURE 
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-25 
0 
+25 
+50 
+75 


Tj. JUNCTION TEMPERATURE PC) 


1N5441AfB thru 1N5456A,B 


TYPICAL DEVICE PERFORMANCE 


FIGURE 2 - 
DIODE CAPACITANCE versus REVERSE VOLTAGE 
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FIGURE 3 - 
FIGURE OF MERIT 
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FIGURE S - 
REVERSE CURRENT 


versus REVERSE BIAS VOLTAGE 
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FIGURE 6 - 
FORWARD VOLTAGE. 


versus FORWARD CURRENT 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


SILICON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 


.. .designed primarily for UHF mixer applications but suitable also 
for use in detector and ultra-fast switching circuits. Supplied in 
an inexpensive plastic package for low-cost, high-volume con 
sumer requirements. Also available in Surface Mount package. 
• The Rugged Schottky Barrier Construction Provides Stable 
Characteristics by Eliminating the "Cat-Whisker" Contact 


• 
Low Noise Figure — 6.0 dB Typ @ 1.0 GHz 


• Very Low Capacitance — Less Than 1.0 pF @ Zero Volts 
• High Forward Conductance — 0.50 Volts (Typ) @ lp = 10 mA 


MAXIMUM RATINGS 
MBD101 
|MMBD101L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
4.0 
Volts 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 
pf 
280 
2.8 
200 
2.0 
mW 
mwrc 


Junction Temperature 
Tj 
+ 125 
°C 


Storage Temperature Range 
Tstg 
-55 to +150 
•c 


DEVICE MARKING 


MMBD101 = 4M 


ELECTRICAL CHARACTERISTICS (Ta =25°C unlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
UR-10fiA) 
V(BR)R 
4.0 
5.0 
- 
Volts 


Diode Capacitance 
IVR-O.f-1.0MHz. Note 1) 
cT 
- 
0.88 
1.0 
PF 


Forward Voltage(i) 
(Ip = 10mA) 
vp 
- 
0.50 
0.60 
Volts 


Noise Figure 
If-.1.0 GHz. Note 2) 


NF 
- 
6.0 
— 
dB 


Reverse Leakage 
IVR-3.0VI 
IR 
- 
0.02 
0.25 
MA 


MOTOROLA RF DEVICE DATA 
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MBD101 
MMBD101L 


SILICON HOT-CARRIER 
UHF MIXER DIODES 


CASE 182-02 
TO-226AC 
MBD101 


STYU1: 
PIN1.AN00E 
2. CATHODE 


CASE 182-02 
TO-226AC 


? rv 
VFT 
trf 
-t 
K 


L 
-lit* -|d|£ 


bct.m y 


KM 
KUIKETBB 
WCHES 
KM 
MAX 
KM 
MM 


A 
432 
"3 
0.170 
0710 


B 
4*5 
Ml 
0175 
0205 


C 
3.18 
419 
0.125 1 0165 


D 
041 
0.58 
0X116 I 0022 
F 
0.407 
0.482 
0.016 1 0019 
G 
127 esc 
0.050 esc 
H 
- 
1 Ml 
- 
1 0050 
J 
2.54esc 
0.103 BSC 
K 
12.70 
— 
0500 1 
- 
I 
635 
— 
0.250 1 
- 
N 
203 
266 
0.093 | 010$ 
F 
2« 
— 
0115 
1 
- 
R 
143 
_ 
0.135 1 
- 


S 
036 
041 
0014 1 0016 


-rrt 


T0 
CJ 
-J L-C~ 


B—1 L- 
H—I 
—JkU- 
j-I 


STYIE6: 
PIN1. ANODE 
2. NO CONNECTION 
3. CATHODE 


CASE 318-07 
TO-236AB 
SOT-23 


DM 
MOUWTtRS 
ncHES 
MAX 
vat 
MAX 
A 
2» 
w 
01102 
0.1197 


B 
1.20 
14? 
0.0472 
0.0551 
C 
0.89 
1.11 
0.0350 
0.W0 


D 
037 
WO 
00150 
0.0200 


e 
1.78 
204 
0X1701 
00007 
H 
0013 
0100 
00005 
0.0040 
i 
0095 
0177 
OXXBI 
00070 


X 
045 
°M 
0.0180 
00238 


L 
0X9 
102 
0.0350 
00431 
S 
2.10 
2.59 
0X830 
O0984 


V 
045 
0.63 
0.0177 
00238 


MBD101, MMBD101L 


TYPICAL CHARACTERISTICS 
(Ta ° 25°C unlessnoted) 
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FIGURE 1 - 
REVERSE LEAKAGE 
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FIGURE 3 - 
CAPACITANCE 
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FIGURE 2 - 
FORWARD VOLTAGE 
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NOTES ON TESTING AND SPECIFICATIONS 


Note 1 —Cc and Cj are measured using a capacitance bridge 
(Boonton Electronics Model 75A or equivalent). 


Note 2 - Noise figure measured with diode under test in tuned 
diode mount using UHF noise source and local oscillator 
(LO) frequency of 1.0 GHz. The LO power is adjusted 
for 1.0 mW. 
IF amplifier NF - 
1.6 dB. f - 30 MHz, 
see Figure 5. 


Note 3 — Ls is measured on a package having a short instead of a 
die, using an impedance bridge (Boonton Radio Model 
250A RX Meter). 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


SIUCON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 


... designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in an inexpensive plastic pack 
age for low-cost, high-volume consumer and industrial/commer 
cial requirements. Also available in Surface Mount package. 
• The Schottky Barrier Construction Provides Ultra-Stable 
Characteristics By Eliminating the "Cat-Whisker" or "S-Bend" 
Contact 
• Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
• Very Low Capacitance — 1.5 pF (Max) @ Vr = 15 V 
• Low Reverse Leakage — Ir = 13 nAdc (Typ) MBD301, 
MMBD301L 


MAXIMUM RATINGS (Tj = 125°Cunless otherwise noted) 
MBD30l|MMBD301L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
MBD301, MMBD301L 
VR 
30 
Volts 


Forward Power Dissipation (5> Ta = 25°C 
Derate above 25°C 
pf 
280 
2.8 
200 
2.0 
mW 
mW/T 


Operating Junction Temperature Range 
tj 
-55 to +125 
•c 


Storage Temperature Range 
Tstg 
-55 to +150 
X 


DEVICE MARKING 


MMBD301L = 4T 


ELECTRICAL CHARACTERISTICS (TA = 25"Cunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = 10/tAdc) 
MBD301, MMBD301L 
V|BR)R 
30 
— 
— 
Volts 


Total Capacitance, Figure 1 
(Vr = 15 Volts, f = 1.0 MHz) 
CT 
— 
0.9 
1.5 
pF 


Minority Carrier Lifetime, Figure 2 
(lp = 5.0 mA, Krakauer Method) 


T 
— 
15 
— 
ps 


Reverse Leakage, Figure 3 
(Vr = 25 V) 
MBD301,MMBD301L 
IR 
— 
13 
200 
nAdc 


Forward Voltage, Figure 4 
dp = 10 mAdc) 
vF 
— 
0.5 
0.6 
Vdc 


MOTOROLA RF DEVICE DATA 
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MBD301 
MMBD301L 


SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 


30 VOLTS 


CASE 182-02 
TO-226AC 
MBD301 


rr, 


STYIE1: 
HN1.ANO0E 
2.CATK0OE 


CASE 182-02 
TO-226AC 


p ^B 
I 
tjj 
<H 
1 


—i- + 
T 
L 


t 
> 
1 


PM 
KUMOBtt 
WCKES 


KM 
MAX 
MN 
1 MAX 


A 
432 
5J3 
tiro 
ojio 
B 
*« 
Hi 
am 1 a»s 
C 
JI« 
«,!» 
ais 1 aia 
0 
041 
M« 
aon 1 acn 
F 
0407 
0.4R 
O016 l aoi9 


G 
1.27 BSC 
OJHOBSC 
H 
- 
1 W 
- 
I 0.050 
J 
2 54 BSC 
aw esc 


K 
n.n 
_ 
0500 
_ 


L 
tx 
_ 
OJ50 
_ 


N 
w 
2.6S 
o.on 
atos 
r 
2.93 
_ 
aiis 
R 
3.43 
— 
0.1» 
_ 


9 
0.35 
0.41 
0.014 
oote 


-rrt 
-fl 


,Jl_ 
7TLi.lT J 


STYLES: 
FW1. ANODE 
2. NOCONNECTION 
3 CATHODE 


CASE 318-07 
TO-236AB 
SOT-23 


po* 
MUM*TBts 
Bffl"8 
KM 
MAX 
MM 
MAX 
A 
}» 
M« 
0.1102 
Q.IW 


R 
1*0 
1.40 
00472 
P0551 
C 
an 
1,11 
MW 
0^)449 


D 
047 
QH 
QOISO 
O0200 
g 
171 
?P* 
O0791 
a0BJ7 


H 
0413 
0.100 
0«05 
00040 
4 
Pto 
0177 
00034 
O0070 
* 
w 
Pff 
00100 
0.0235 
l 
M» 
1« 
O0350 
00M1 


s 
?1» 
?w 
aotn 
00994 


V 
0* 
w 
00177 
00235 


MBD301, MMBD301L 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - 
TOTAL CAPACITANCE 
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FIGURE 2 - 
MINORITY CARRIER LIFETIME 
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FIGURE 4 - 
FORWARD VOLTAGE 
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SAMPLING 
OSCILLISCOPE 
(SOn INPUT) 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


SILICON HOT-CARRIER DIODES 
(SCHOTTKY BARRIER DIODES) 


... designed primarily for high-efficiency UHF and VHF detector 
applications. Readily adaptable to many other fast switching RF 
and digital applications. Supplied in an inexpensive plastic pack 
age for low-cost, high-volume consumer and industrial/commer 
cial requirements. Also available in Surface Mount package. 


• The Schottky Barrier Construction Provides Ultra-Stable Char 
acteristics by Eliminating the "Cat-Whisker" or "S-Bend" 
Contact 


• Extremely Low Minority Carrier Lifetime — 15 ps (Typ) 
• Very Low Capacitance — 1.0 pF @ Vr = 20 V 


• 
High Reverse Voltage — to 70 Volts 
• Low Reverse Leakage — 200 nA (Max) 


MAXIMUM RATINGS (Tj = 125^ unless otherwise noted) 
MBD7011 MMBD701L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
MBD701, MMBD701L 
Vr 
70 
Volts 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 
Pf 
280 
2.8 
200 
2.0 
mW 
mW/°C 


Operating Junction Temperature Range 
Tj 
-55 to +125 
°C 


Storage Temperature Range 
Tsta 
-55 to +150 
°C 


DEVICE MARKING 


MMBD701L = 
5H 


ELECTRICAL CHARACTERISTICS (Ta = 2S°Cunless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = 10/iAdc) 
MBD701, MMBD701L 
V(BR)R 
70 
— 
— 
Volts 


Total Capacitance, Figure 1 
(Vr = 20 Volts, f = 1.0 MHz) 
CT 
— 
0.5 
1.0 
pF 


Minority Carrier Lifetime, Figure 2 
dp = 5.0 mA, Krakauer Method) 


T 
— 
15 
— 
ps 


Reverse Leakage, Figure 3 
(Vr = 35 V) 
MBD701, MMBD701L 
<R 
— 
9.0 
200 
nAdc 


Forward Voltage, Figure 4 
(If = 10 mAdc) 
VF 
— 
1.0 
1.2 
Vdc 


MOTOROLA RF DEVICE DATA 
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HIGH-VOLTAGE 
SILICON HOT-CARRIER 
DETECTOR AND SWITCHING 
DIODES 


70 VOLTS 
% 
CASE 318-07 
TO-236AB 
SOT-23 
MMBD701L 


. 
. 
ta 
|-rj-« 
e 


3, 


STYIE1: 
PtN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC 


- 
Uo-J 


1 
Tt 


SKT.iU 
f 


DIM 
MUMETBtS 
INCHES 
MW 
MAX 
MN 
MAX 
* 
432 
533 
0.170 
0.210 
B 
445 
5-?1 
0175 
0J0S 
C 
m 
4.19 
0.125 
0165 


D 
041 
o# 
0.016 
0022 
F 
0«7 
0<82 
00)16 
0019 


Q 
177 BSC 
ooso esc 


H 
- 
1 
W 
— 
ooso 
J 
2 54 BSC 
atooesc 
X 
12.70 
— 
ojoj 
— 
I 
535 
_ 
0X0 
_ 


N 
2.03 
266 
0.000 
0.105 
P 
283 
_ 
0.115 
— 


R 
343 
_ 
0.135 
— 


5 
M? 
0.41 
0.014 
toil 


[g 
pj_| es 
k^J 


>—I I— 
H—I 
—JkI— 
J-l 


STYIE* 
PIN I. AN00E 
I. NOCONNECTION 
3. CATHODE 


CASE 318-07 
TO-236AB 
SOT-23 


OM 
Munaniis 
MO WS 


MM 
MAX 
MM 
MAX 
A 
im 
3.04 
0.1102 
0-1197 
B 
1.20 
1.40 
00472 
P«i 
C 
o» 
1.11 
0.0350 
0044Q 


0 
0.37 
0.50 
00150 
0.0200 
Q 
1.78 
2.04 
0.0701 
0CW7 
11 
0013 
0103 
01X05 
00340 


J 
0«S 
0.177 
00034 
00370 


X 
045 
060 
0.01SO 
00236 


L 
0« 
102 
00359 
ootoi 


$ 
2.10 
250 
0LO330 
00964 


V 
0.45 
9« 
00177 
00235 


MBD701, MMBD701L 


KRAKAUER METHOD OF MEASURING LIFE TIME 


SINUSOIDAL 
GENERATOR 


BALLAST 
NETWORK 
(PAOSI 


SAMPLING 
OSCILLISCOPE 
(50 n INPUT) 
PADS 


OUT 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - 
TOTAL CAPACITANCE 
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FIGURE 3 - 
REVERSE LEAKAGE 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


Dual Hot Carrier 
Mixer Diodes 


MAXIMUM RATINGS 


ANODE 


1 
o— 


MMBD352L 
(STYLE 11) 
n- 


CATHODE ANODE 


CATHODE 
2 
—O 


MMBD353L 
(STYLE 91 


ANODE 


2 
H 
o 
n 


Rating 
Symbol 
Value 
Unit 


Continuous Reverse Voltage 
Vr 
4.0 
vcc 


THERMAL CHARACTERISTICS 


MMBD352L 
MMBD353L 


DUAL 
HOT CARRIER 
MIXER DIODES 


% 


CASE 318-07 
SOT-23 
(TO-236AB) 


Characteristic 
Symbol 
Max 
Unit 


Total Device Dissipation FR-5 Board,* 
TA = 25°C 
Derate above 25CC 


PD 
225 


1.8 


mW 


mW.C 


Thermal Resistance Junction to Ambient 
R«JA 
556 
'CW 


Total Device Dissipation 
Alumina Substrate.*" Ta " 25°C 
Derate above 25'C 


PD 
300 


2.4 


mW 


mWrC 


Thermal Resistance Junction to Ambient 
Rmja 
•'.17 
c 
w 


Junction and Storage Temperature 
Tj. Tstg 
-55 to +150 
=c 


•FR-5 - 
1.0x0.75x0.062 in. 
"Alumina = 0.4 x 0.3 x 0.024 in. 99.5% alun 


DEVICE MARKING 


MMBD352L 
M5G; MMBD353L = M4F 


ELECTRICAL CHARACTERISTICS (TA 
25 C unless otherwise noted.) 


Characteristic 
Symbol 
Min 
Max 
Unit 


OFF CHARACTERISTICS 


Forward Voltage 
(lF = 10 mA) 
vr 
- 
0.6 
V 


Reverse Voltage Leakage Current 
(Vr = 3 V) 
(VR = 4 V) 


IR 


- 
0.25 
10 


ma 


Capacitance 
(Vr = 0 V. f = 1 MHz) 


C 
— 
1 
pF 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


VVC-»r- 


SILICON EPICAP DIODE 


... designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability in 
replacement of mechanical tuning methods. 


• Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
30 
Volts 


Forward Current 
"F 
200 
mA 


Device Dissipation <§• Ta = 25°C 
Derate above 25°C 
PD 
200 
2.0 
mW 
mW/°C 


Junction Temperature 
Tj 
+ 125 
•C 


Storage Temperature Range 
Tsta 
-55 to +150 
°C 


DEVICE MARKING 


MMBV105GL = 
M4E 


FIGURE 1 - 
DIODE CAPACITANCE 
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MMBV105GL 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


30 VOLTS 


CASE 318-07 
TO-236AB 


-rrt 
-4} 


tJ 
el 


to—uL»e JE\j 


STYLES: 
PINI.ANOOC 
2. NO CONNECTION 


3 CATHODE 


CASE 318-07 
TO-236AB 
SOT-23 


PM 
mmW? 
MPKB 


MM 
MAX 
KM 
MAX 
A 
260 
304 
01102 
01197 
B 
120 
140 
00472 
00551 
C 
o« 
111 
00350 
00440 


0 
037 
050 
00160 
0.0200 
q 
1.78 
204 
0.0701 
00807 


M 
0013 
0W 
00005 
00040 


j 
0085 
0177 
00034 
ONTO 


X 
oe 
on 
00180 
00230 


I 
063 
1« 
00350 
00(01 
5 
2.10 
»•» 
00530 
PW 
V 
0.(5 
060 
00177 
00236 


MMBV105GL 


ELECTRICAL CHARACTERISTICS ITA= 25°C unlessotherwisenotedl 


Characteristic-All Types 
Symbol 
Min 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = 10/jAdd 
V(BR)R 
30 
- 
Vdc 


Reverse Voltage Leakage Current 
(VR = 28V» 
>R 
50.0 
nAdc 


Device 
Type 


ct 
Vr = 25 Vdc 
pF 


Q 


f = 100 MHz 
Vr = 3.0V 
C3/C25 


Min 
Max 
Typ 
Min 
Max 


MMBV105GL 
1.8 
2.8 
150 
4.0 
6 


FIGURE 2 - 
FIGURE OF MERIT 
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FIGURE 3 - 
DIODE CAPACITANCE 


^ 


VR« 30 Vdc 


- 
' 


-75 
-50 
-25 
0 
»25 
»S0 
»75 
»100 
»I25 


TA.AM8IENT TEMPERATURECC) 


MOTOROLA RF DEVICE DATA 


6-16 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


vvc 


SILICON EPICAP DIODES 


... designed for general frequency control and tuning applica 
tions; providing solid-state reliability in replacement of mechan 
ical tuning methods. 
• High Q with Guaranteed Minimum Values at VHF 
Frequencies 
• Controlled and Uniform Tuning Ratio 


• Available in Surface Mount Package 


MAXIMUM RATINGS 
MV209 |mMBV109L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
30 
Volts 


Forward Current 
if 
200 
mA 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 
Pd 
280 
2.8 
200 
2.0 
mW 
mW/°C 


Junction Temperature 
tj 
+ 125 
°C 


Storage Temperature Range 
Tstq 
-55 to +150 
•c 


DEVICE MARKING 


MMBV109L = M4A 


40 
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RGURE 1 — DIODE CAPACITANCE 
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MMBV109L 
MV209 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 


26-32 pF 


CASE 182-02 
TO-226AC 
MV209 


STYLE 1: 
PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC 


-I1 


Tji 
[i 
-1 l_o_ 


MM 
KUMETERS 
WCKES 
KM 
MAX 
KM 
KM 


A 
432 
533 
0.170 
0.210 


B 
4.45 
521 
0.175 
0.705 
C 
au 
4.19 
0.125 
0165 


D 
041 
9# 
0.016 
0022 


F 
0.407 
9482 
0016 
0019 
g 
1.27 BSC 
0.050 BSC 


H 
- 
I 
1.27 
— 
0.050 


' 
2.54 BSC 
0.100 BSC 


K 
12.70 
— 
0600 
— 


L 
635 
_ 
0.750 
— 
H 
2.03 
2.66 
0.090 
0.105 
p 
2.93 
— 
0.115 
— 


R 
3.43 
— 
0.135 
— 
5 
03S 
0.41 
0.014 
0016 


£ 
,JL 33ijf4 


STYIE8: 
PW1.ANCOE 
2. NO CONNECTION 
3. CATHODE 


CASE 318-07 
TO-236AB 
SOT-23 


DM 
KUJMETERS 
WOWS 
KN 
MAX 
KN 
MAX 
A 
2JO 
?o« 
0.1102 
0.1197 
B 
110 
140 
00472 
00661 
C 
0.89 
1.11 
00350 
00440 
D 
037 
050 
00150 
00200 
0 
1.78 
201 
00701 
00907 
H 
O013 
OtM 
oocos 
000(0 
4 
0.035 
0.177 
0.0034 
0.0070 
K 
045 
OW 
00160 
00236 
L 
OS 
102 
00350 
00*01 
S 
2.10 
250 
0.0O3 
00934 
V 
0.45 
060 
00177 
00236 


MMBV109L, MV209 


ELECTRICAL CHARACTERISTICS (TA - 25°Cunlet* otherwise noted.) 


Characteristic - All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
IlR-IOiiAdc) 
V(BR)R 
30 
- 
- 
Vdc 


Reverte Voltege Leakage Current 
(VR - 25 Vdc) 
IR 
- 
- 
0.1 
fiAdc 


Diode Capacitance Temperature Coefficient 
(Vr - 3.0 Vdc. f-1.0 MHz) 
TCc 
— 
300 
— 
ppm/°C 


C«, Diode Capacitance 
Vr - 3.0 Vdc, f-1.0 MHz 
pF 


Q, Figure of Merit 
Vr-3.0Vdc 
f - BO MHz 
(Note 1) 


Cr, Capacitance Ratio 
C3/C2B 
f-1.0 MHz 
(Note 2) 


Device 
Min 
Nom 
Max 
Min 
Min 
Max 


MMBV109L, MV209 
26 
29 
32 
200 
5.0 
6.5 


FIGURE 2 - 
FIGURE OF MERIT 
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FIGURE 4 - 
DIODE CAPACITANCE 
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FIGURE 3- LEAKAGE CURRENT 
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NOTES ON TESTING AND SPECIFICATIONS 


1. Q is calculated by taking the G end C readings of an admittance 
bridge, 
such 
as 
Boonton 
Electronics 
Model 
33AS8, at 
the 
specified frequency and substituting in the following equation: 


~ 
2irfC 


2. Cr 
is the 
ratio of Ct measured at 3.0 Vdc divided by Ct 
measured at 25 Vdc 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diodes 


... designed for general frequency control and tuning applications; providing solid-state 
reliability in replacement of mechanical tuning methods. 
• High Q with Guaranteed Minimum Values at VHFFrequencies 
• 
Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 


MAXIMUM RATINGS 


Rating 
Symbol 


MV409 
MMBV409L 


Unit 
Value 


Reverse Voltage 
Vr 
20 
Volts 


Forward Current 
«F 
200 
mA 


Forward Power Dissipation @ Ta = 25°C 
Derate above 25°C 
PD 
280 
2.8 
225* 
1.8 
mW 
mwrc 


Junction Temperature 
Tj 
+ 125 
°C 


Storage Temperature Range 
Tstg 
-65 to +150 
•c 


•FRS Board 1.0 x 0.75 x 0.62 in. 


DEVICE MARKING 


MMBV409L = X5 


ELECTRICALCHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic — All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = 10/iAdc) 
V(BR)R 
20 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 15 Vdc) 
'R 
— 
— 
0.1 
/xAdc 


Diode Capacitance Temperature Coefficient 
(Vr = 3.0 Vdc. f = 1.0 MHz) 
TCC 
— 
300 
— 
ppm/°C 
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MMBV409L 
MV409 


VOLTAGE VARIABLE 
CAPACITANCE DIODES 
26-32 pF 


CASE 182-02, STYLE 1 
(TO-226AC) 
MV409 
% 


CASE 318-07, STYLE 8 
(TO-236AB) 
SOT-23 
MMBV409L 


MMBV409L, MV409 


Ct, Diode Capacitance 
Vr = 3 Vdc, f = 1 MHz 
pF 


Q, Figure of Merit 
Vr = 3 Vdc 


f = 50 MHz 
(Note 1) 


Cr, Capacitance Ratio 
C3/C8 
f = 1MHz 
(Note 2) 


Device 
Min 
Nom 
Max 
Min 
Min 
| 
Max 


MMBV409L/MV409 
26 
29 
32 
200 
1.5 
1.9 


NOTES ON TESTING AND SPECIFICATIONS 
(1) Qiscalculated bytaking the GandCreadings ofan admittance bridge, suchas Boonton Electronics Model 33AS8. atthespecified frequency and 
substituting in the following equation: 


G 
12) Cn is the ratio of Ct measured at 3 Vdcdivided by Ct measured at 8 Vdc. 
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n 
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Rgure 1. Diode Capacitance 
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Figure 3. Leakage Current 
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Figure 2. Figure of Merit 
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Rgure 4. Diode Capacitance 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diode 


... designed for FM tuning, general frequency control and tuning, or any top-of-the-line 
application requiring back-to-back diode configuration for minimum signal distortion and 
detuning. This device is supplied in the SOT-23 plastic package for high volume, pick 
and place assembly requirements. 
• High Figure of Merit — Q = 150 (Typ) @ VR = 2 Vdc, f = 50 MHz 
• Guaranteed Capacitance Range 
• 
Dual Diodes — Save Space and Reduce Cost 
• Surface Mount Package 
• Available in 8 mm Tape and Reel 
• Monolithic Chip Provides Improved Matching — Guaranteed ± 1% (Max) 
Over Specified Tuning Range 


MAXIMUM RATINGS (Each Diode) 


sr~r 
u 


MMBV432L 


DUAL 
VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


CASE 318-07, STYLE 9 
(TO-236AB) 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
14 
Volts 


Forward Current 
if 
200 
mA 


Total Power Dissipation fa Ta = 25°C 
Derate above 25°C 
PD 
350 
2.8 
mW 
mwrc 


Junction Temperature 
tj 
+ 125 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


DEVICE MARKING 


MMBV432L = 
M4B 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = 10/iAdc) 
V(BR)R 
14 
— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 9 Vdc) 
IR 
— 
— 
100 
nAdc 


Diode Capacitance 
(Vr = 2 Vdc, f = 1 MHz) 
CT 
43 
— 
48.1 
pF 


Capacitance Ratio C2/C8 
(f = 1 MHz) 
Cr 
1.5 
— 
2 
— 


Figure of Merit* 
(Vr = 2 Vdc, f = 50 MHz) 
Q 
100 
150 
— 
— 


2 irf Ct Rs 
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MMBV432L 


TYPICAL CHARACTERISTICS 


70 


B 
50 


| 
30 


B 
o 
S 
20 


- 


10 
2 
3 
5 
Vr,REVERSE VOLTAGE (VOLTS) 


Rgure 1. Diode Capacitance 
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Rgure 3. Rgure of Merit versus Frequency 
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Rgure 5. Reverse Current versus Reverse Voltage 
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Rgure 2. Rgure of Merit versus Voltage 
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Rgure 4. Diode Capacitance versus Temperature 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diode 


... designed for FM tuning, general frequency control and tuning, or any top-of-the-line 
application requiring back-to-back diode configuration for minimum signal distortion and 
detuning. This device is supplied in the SOT-23 plastic package for high volume, pick 
and place assembly requirements. 
• High Figure of Merit — Q = 350 (Typ) @ Vr = 3.0 Vdc, f = 50 MHz 
• 
Guaranteed Capacitance Range 
• 
Dual Diodes — Save Space and Reduce Cost 
• 
Surface Mount Package 
• 
Available in 8 mm Tape and Reel 
• 
Monolithic Chip Provides Improved Matching 
• 
Hyper Abrupt Junction Process Provides High Tuning Ratio 


DEVICE MARKING 
= 
5L 


MAXIMUM RATINGS (Each Diode) 


JTT 
!! 


MMBV609L 


DUAL 
VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


CASE 318-07, STYLE 9 
(TO-236AB) 
SOT-23 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
VR 
20 
Volts 


Forward Current 
if 
100 
mA 


Total Power Dissipation (it T/\ = 25°C 
Derate above 25'C 
pd 
225 
1.8 
mW 
mW/X 


Junction Temperature 
tj 
• 125 
°C 


Storage Temperature Range 
Tstg 
-55 to +125 
C 


ELECTRICAL CHARACTERISTICS (TA = 25 C unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage (Ir 
b 10^Adc) 
V(BR)R 
20 


- 
- 
Vdc 


Reverse Voltage Leakage Current (Vr = 15 Vdc) 
IR 
- 
- 
10 
nAdc 


Diode Capacitance (Vr = 3.0 Vdc, f = 1.0 MHz) 
cT 
26 
- 
32 
PF 


Capacitance Ratio C3 C8 (f = 1.0 MHz) 
Cr 
1.8 


- 
2.4 


- 


Figure of Merit (Vr - 3.0 Vdc, f - 50 MHz) 
Q 
2:>0 
350 
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Figure 1. Diode Capacitance 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diode 


... designed for 900 MHzfrequency control and tuning applications; providing solid- 
state reliability in replacement of mechanical tuning methods. 
• Controlled and Uniform Tuning Ratio 
• Available in Surface Mount Package 
• Available in 8 mm Tape and Reel 


DEVICE MARKING: 5K 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
20 
Volts 


Forward Current 
"F 
20 
mA 


Forward Power Dissipation @ Ta = 25°C 
Derate above 2S*C 
PD 
225' 
1.8 
mW 
mW/°C 


Junction Temperature 
Tj 
+ 125 
•c 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


•FR5 Board 1.0 x 0.75 x 0.62 in. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 


Characteristic — All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage (Ir = 10 pAdc) 
V(BR(R 
20 
— 
— 
Vdc 


Reverse Voltage Leakage Current (Vr = 15 Vdc) 
IR 
- 
- 
50 
nAdc 


MMBV809L 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 
4,5-6.1 pF 


IO- 


ANODE 
»f 
03 


CATHODE 


CASE 318-07, STYLE 8 
TO-236AB 
SOT-23 


Ct, Diode Capacitance 
Vr = 2.0 Vdc. f = 1.0 MHz 
PF 


Q, Figure of Merit 
Vr = 3.0 Vdc 
f = 50 MHz 
(Note 1) 


Cr, Capacitance Ratio 
c2/c8 
f = 1.0 MHz 
(Note 2) 


Device 
Min 
Typ 
Max 
Min 
Min 
Max 


MMBV809L 
4.5 
5.3 
6.1 
300 
1.8 
2.6 


NOTES ON TESTING AND SPECIFICATIONS 
(1) Q is calculated by taking the G and C readings of an admittance bridge, such as Boonton Electronics Model 33AS8. at the specifiod frequency and 
substituting in the following equation: 


G 
12) Cr is the ratio of Ct measured at 2.0 Vdc divided by Ct measured at 8.0 Vdc. 
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Rgure 1. Diode Capacitance 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


vvc 
*e 


SILICON EPICAP 
DIODES 


... designed in the popular PLASTIC PACKAGE for high volume 
requirements of FM Radio and TV tuning and AFC, general fre 
quency control and tuning applications; providing solid-state re 
liability in replacement of mechanical tuning methods. 
Also available in Surface Mount package up to 33 pF. 


• High Q with Guaranteed Minimum Values 


• Controlled and Uniform Tuning Ratio 


• 
Standard Capacitance Tolerance — 10% 


• Complete Typical Design Curves 


MAXIMUM RATINGS 


MV2101 
thru 
MV2115 


MMBV2101L 
thru 


MIV1BV2109L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
VR 
30 
Volts 


Forward Current 
if 
200 
m A 


Device Dissipation (a Ta • 25°C 
Derate above 25'C 
PD 
280 
2.8 
200 


2.0 
mW 
mW/'C 


Junction Temperature 
Tj 
• 125 
CC 


Storage Temperature Range 
Tstg 
-55 to +150 
"C 


DEVICE MARKING 


MMBV2101L 
M4G 


MMBV2103L 
4H 
MMBV2104L = 4Z 
MMBV2105L = 4U 
MMBV2106L 
4V 
MMBV2107L = 4W 
MMBV2108L 
4X 
MMBV2109L 
= 4J 


MMBV2101L thru 
MMBV2109L 
MV2101 thru MV2115 


VOLTAGE-VARIABLE 
CAPACITANCE DIODES 
6.8-100 pF 
30 VOLTS 


CASE 182-02 
MV2101 thru MV2115 
% 
CASE 318-07 
TO-236AB 


MMBV2101Lthru MMBV2109L 


-Jn 


KM 
V_L'.':Ii'i 
INCHES 


MN 
MA> 
MM 
MAX 


A 
: :•: 
533 
0 170 
0.210 
B 
445 
5.21 
0 175 
0-::.-, 


C 
4.19 
0 1?5 
0165 


D 
0.41 
056 
tan 
0022 


f 
0407 
0482 
0016 
1019 
G 
127 BSC 
:•::• 
;.;: 
H 
- 
1 1.27 
- 
1 0050 


J 
2 54 BSC 
0.10 
BSC 


K 
12,70 


— 
0.600 
- 


I 
635 
— 
use 
- 


N 
203 
266 
'•:, 
:• 
? 
193 
— 
:•:; 
- 


a 
343 
_ 
0.135 


_ 


s 
036 
0.41 
O0I4 
(X0H 


CASE 182-02 


JL 


STYLE 1; 
PIN I. ANODE 
2. CATHODE 


STYLEB. 


PINT ANODE 


2. NO CONNECTION 


3 CATHODE 


CASE 318-07 


TO-236AB 


SOT-23 


DM 
MUMETERS 
INC KS 


MW 
MAX 
V.N 
MAX 


A 
260 
304 
: i;:; 
01197 


B 
120 
ii: 
0 0477 
oo!-: i 


c 
0 89 
i ii 
00350 
0 0440 


0 
0 3; 
050 
0.0150 
i? :•::•: 


G 
••-- 
204 
Of'l 
10801 


H 
0013 
0100 
ceo:; 
: w: 


J 
0085 
0177 
c :•: •; 
00070 


K 
045 
060 
C 01! 
0 0236 


I 
o m 
102 
0 035O 
00401 
S 
2.10 
2.50 
OC830 
3t-:-=4 


V 
:;•• 
060 
. . . . . 
:•:.-:•: 
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MMBV2101L thru MMBV2109L • MV2101 thru MV2115 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unlessotherwisenoted) 


Characteristic — All Types 
Symbol 
Min 
Typ 
Max 
Unit 
Reverse Breakdown Voltage 
(Ir = 10 /iAdc) 
V(BR)R 
30 


— 
— 
Vdc 


Reverse Voltage Leakage Current 
(Vr = 25 Vdc. TA = 25°C) 
IR 
— 
— 
0.1 
/iAdc 


Diode Capacitance Temperature Coefficient 
(Vr = 4.0 Vdc, f = 1.0 MHz) 
TCC 
— 
280 
— 
ppm/°C 


Cj, Diode Capacitance 
Q, Rgure of Merit 
TR, Tuning Ratio 
Vr = 4.0 Vdc, f = 1.0 MHz 
Vr = 4.0 Vdc, 
c2/c30 


Device 


pF 
f = 50 MHz 
1 = 
1.0 MHz 


Min 
Nom 
Max 
Typ 
Min 
Typ 
Max 


MMBV2101L/MV2101 
6.1 
6.8 
7.5 
450 
2.5 
2.7 
3.2 
MMBV2103L/MV2103 
9.0 
10.0 
11.0 
400 
2.5 
2.9 
3.2 
MMBV2104L /MV2104 
10.8 
12.0 
13.2 
400 
2.5 
2.9 
3.2 
MMBV2105L/MV2105 
13.5 
15.0 
16.5 
400 
2.5 
2.9 
3.2 
MMBV2106L/MV2106 
16.2 
18.0 
19.8 
350 
2.5 
2.9 
3.2 
MMBV2107L/MV2107 
19.8 
22.0 
24.2 
350 
2.5 
2.9 
3.2 


MMBV2108L /MV2108 
24.3 
27.0 
29.7 
300 
2.5 
3.0 
3.2 
MMBV210SL/MV2109 
29.7 
33.0 
36.3 
200 
2.5 
3.0 
3.2 
MV2111 
42.3 
47.0 
51.7 
150 
2.5 
3.0 
3.2 
MV2113 
61.2 
68.0 
74.8 
150 
2.6 
3.0 
3.3 
MV2114 
73.8 
82.0 
90.2 
100 
2.6 
3.0 
3.3 
MV2115 
90.0 
100.0 
110.0 
100 
2.6 
3.0 
3.3 


PARAMETER TEST METHODS 


Ct, DIODE CAPACITANCE 
(Or "Cc + Cj). Ct >s measuredat 1.0 MHzusinga capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


2. 
TR, TUNING RATIO 
TR isthe ratio of Ct measured at 2.0 Vdc divided by Ct measured 
at 30 Vdc. 


3. 
Q, FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the following 
equations: 


_ 
2nfC 


(Boonton Electronics Model 33AS8). Uso Lead Length ssl/16". 


4. TCc, OIOOE CAPACITANCE TEMPERATURE COEFFICIENT 
TCq 's guaranteed by comparing Ct at Vr « 4.0 Vdc, f • 1.0 
MHz, TA » -65°C with Ct at VR= 4.0 Vdc,f - 1.0 MHz, TA• 
+85°Cin the following equationwhichdefinesTCc= 


TCC" 
Ct(+85°CI - Ct(-65°CI 
IO* 


85 + 65 
Cr(2S°C) 


Accuracy limited by measurement of Ct to ± 0.1 pF. 
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MMBV2101L thru MMBV2109L • MV2101 thru MV2115 


TYPICAL DEVICE PERFORMANCE 


FIGURE 1 - OIOOE CAPACITANCE versus REVERSE VOLTAGE 


Vr.REVERSE VOLTAGE (VOLTSI 


FIGURE 2 - NORMALIZED DIODE CAPACITANCE 


versus JUNCTION TEMPERATURE 


1.0*0 
1 
ui1.030 
u 
Z 


< 
S 1.010 
u 
""VR 
4.0 V 


— 
Vr- 
5 


NORM ALIZE0 
OCT 
ao.sao 
ec 
o 


at 


VR 


TA-25< 


• ICURV 


C 


El 


0.960 
-25 
0 
25 
50 
75 


Tj. JUNCTION TEMPERATURE (CCI 


FIGURE 4 - 
FIGURE OF MERIT versus REVERSE VOLTAGE 
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FIGURE 3 - 
REVERSE CURRENT 


versus REVERSE BIAS VOLTAGE 
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FIGURE 5 - 
FIGURE OF MERIT versus FREQUENCY 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


Wf' 
Itt-ll 
* % c 
W\\ 


SILICON EPICAP DIODE 


... designed in the Surface Mount package for general frequency 
control and tuning applications; providing solid-state reliability 
in replacement of mechanical tuning methods. 


• 
High Q with Guaranteed Minimum Values at VHF 
Frequencies 
• Controlled and Uniform Tuning Ratio 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
30 
Volts 


Forward Current 
if 
200 
mA 
Device Dissipation @T/\ • 25°C 
Derate above 25°C 
Pd 
200 
2.0 
mW 
mW/°C 


Junction Temperature 
Tj 
+ 125 
°C 
Storage Temperature Range 
Tstg 
-55 to +150 
°C 


DEVICE MARKING 


MMBV3102L 
M4C 


FIGURE 1 - 
DIODE CAPACITANCE 
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MMBV3102L 


VOLTAGE VARIABLE 
CAPACITANCE DIODE 


22 pF (Nominal) 
30 VOLTS 


CASE 318-07 
TO-236AB 


1l 


itf 
[j 


b—bU_! ^\j 
JL 
TTU- 
J 


1 DIMENSIONING ANDTOLERANCWG FEB 
ANSIY145M, 1932. 
2 C0NTR01.UNGDIMENSION: INCH 
3 MAXmUMlfADTHOlKSSIHClUOESlEAO 
FINISHTMOUffiSS. MINIMUM LEADTHICKNESS 
IS THEMINIMUM THICKNESS OF BASEMATERIAL 


STYLE8 
F1N1 ANODE 
2. NOCONNECTION 
3 CATHODE 


CASE 318-07 
TO-236AB 


DM 


',• .UVETESS 
i\::-es 
HH 
'.'..'. 1 
MN 
v.-.x 


A 
360 
304 
.... 
: •••; 


B 
130 
1.40 
0 041.' 


C 
089 
111 
OHM 
0 0440 


D 
037 
050 
,...,- 


G 
178 
204 
tarn 
::•:: 


H 
0013 
0.100 
: MO 


J 
0085 
0.177 
0.0070 


K 
060 
gttie 
L 
089 
1.02 
I MI I 


S 
210 
250 
:•;<:;; 
: 
:•'•:: 


V 
: 
C f.j 
1M7J 
3 ma 


MMBV3102L 


ELECTRICAL CHARACTERISTICS <TA = 25°C unlessotherwisenoted) 


Characteristic-All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
<lR = 10uAdc) 
V(BR)R 
30 
- 
- 
Vdc 


Reverse Voltage Leakage Current 
(VR = 25Vdc.TA = 25°C) 
'R 
- 
— 
0.1 
uAdc 


Diode Capacitance Temperature Coefficient 
(Vr » 3.0 Vdc, f = 1.0 MHz) 
TCC 
- 
300 
— 
ppm/°C 


Cj, Diode Capacitance 
VR = 3.0Vdc,f=1.0MHz 


pF 


Q, Figure of Merit 
VR - 3.0 Vde 


f - 50 MHz 


Cr, Capacitance Ratio 
C3/C25 


f °1.0MHz 


Device 
Min 
Nom j 
Max 
Min 
Min 
Typ 


MMBV3102L 
20 
22 
25 
200 
4.5 
4.8 


FIGURE 2 - 
FIGURE OF MERIT 


.Ta • 25°C 
1*5 0 MHz 


/ 
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/ 


_ 
10 


FIGURE 3 - 
LEAKAGE CURRENT 
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FIGURE 4 - 
DIODE CAPACITANCE 


Vr* 3.0 Vdc 
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0.96 
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NOTES ON TESTING AND SPECIFICATIONS 


1. L$ is measuredon a package havinga short instead of a die. usingan 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. Cc is measured on a package without a die, using a capacitance 
bridge (8oonton Electronics Model 75A or equivalent). 


3. Q is calculated by taking the G and C readings of an admittance 
bridge, such as Boonton Electronics Model 33AS8. at the specified 
frequency and substituting in the following equation: 


2irfC 


4. Cr is the ratio of Ct measured at 3.0 Vdc divided by Ct measured 
at 25 Vdc. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


SILICON PIN DIODE 


... designed primarily for VHF band switching applications but 
also suitable for use in general-purpose switchingand attenuator 
circuits. Supplied in a Surface Mount package. 
• Rugged PIN Structure Coupled with Wirebond Construction for 
Optimum Reliability 
• LowCapacitance — 0.7 pF Typ at Vr = 20 V 
• Very Low Series Resistance at 100 MHz —0.34 Ohms(Typ) 
(a lp = 10 mAdc 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
20 
Volts 


Forward Power Dissipation @ TA = 25°C 
Derate above 25°C 
Pf 
200 
2.3 
mW 
mW/°C 


Junction Temperature 
Tj 
+125 
C 


Storage Temperature Range 
Tstg 
-55 to +-150 
°c 


DEVICE MARKING 


MMBV3401L 
= 4D 


ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir = lOftA) 
V(BR)R 
35 


— 
— 
Volts 


Diode Capacitance 
Vr = 20 V 
cT 
- 
— 
1.0 
PF 


Series Resistance (Figure 5) 
dp - 
10 mA) 
f = 100 MHz 
Rs 
- 
- 
0.7 
Ohms 


Reverse Leakage Current 
(Vr = 25 V) 
ir 
- 
— 
0.1 
*xA 
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MMBV3401L 


SILICON PIN 
SWITCHING DIODE 


CASE 318-07 
TO-236AB 


"1 L 


tu 
oLi e yPki 


NOTES: 
1. DiMENSIOSiNG ANDT0LERANONG PER 
ANSIV14SM. 1982. 
2. CONTROLLINGDIMENSION INCH 
3. MAXIMUMLEADTHICKNESS INCLUDESLEAD 
RUSH THICKNESS. MINIMUM LEAD THICKNESS 
IS THEMINIMUM TMCKNESSOf BASEMATERIAL 


STYLES: 
PIN 1. ANODE 
2. NO CONNECTION 
3. CATHODE 


CASE 318-07 


TO-236AB 


nv 


MILLIMETERS 
INCHES 


MM 
MAX 
W '. 
'.'11 


A 
280 
104 
01102 l 01197 


B 
129 
1.40 
00472 
: :-:;• 


C 
089 
1.11 
0«K 
: 
:•:: 


D 
USD 
OOtH 
: ::.j 


G 
•• '- 
2.04 
0 0751 
00807 


II 
0013 
0100 
MOOS 
: vr. 


J 
U8S 
0.177 
•••::.: 
10071 


K 
IMS 
0.60 | 00180 
::; 


I 
089 
1.02 
00350 
10401 


S 
2.50 
HOW 
3.0984 


V 
MS 
Of.! 
00177 100236 I 


MMBV3401L 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - 
SERIES RESISTANCE 
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FIGURE 3 - 
DIODE CAPACITANCE 
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FIGURE 2 - 
FORWARD VOLTAGE 
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FIGURE 4 - 
LEAKAGE CURRENT 
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FIGURE 5 - 
FORWARD SERIES RESISTANCE TEST METHOD 


Boonton 


Model 33A or B 


10 pF 
-K- 


All measurements^ 100 MHj 


-e»o*- 


500 a 
•^AA- 


2 I O.U.T. 
PowerSupply 
X 
— 
For test fixture, leads should bo is 
short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the SOO-ohm resistor. 
The resistance of the 10 pF 
capacitor can be considered negligible for this measurement. 
1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re 
quired when using the 100 MHz test coil. 


2. 
Use a short length of wire to short the test circuit from 
point "A" to "B". 
Then connect the power supply pro 
viding 10 mA of bias current to the test circuit. 


3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a 
minimum null on the "null meter". 
The null occurs at approximately 130 pF. 


4. 
Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 


5. 
Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 


6. 
Read conductance (G) direct from the scale. 
Now read 
the capacitance value from the scale (~ 130 pF) and sub 
tract 120 pF which yields capacitance (C). 
The forward 
resistance (Rgl can now be calculated from: 


Rs1 


Where: 
G —in micromhos, 
C-inpF, 
Rs —in ohms 


2.533 G 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


HIGH VOLTAGE SILICON PIN DIODES 


.. designed primarily for VHFband switching applications but 
also suitable for use in general-purpose switching and attenuator 
circuits. Supplied in a cost effective plastic package for econom 
ical, high-volume consumer and industrial requirements. 


• 
Long Reverse Recovery Time 
trr = 300 ns (Typ) 


• 
Rugged PIN Structure Coupled with Wirebond Construction 
for Optimum Reliability 


• 
Low Series Resistance @ 100 MHz — 
RS = 0.7 Ohms (Typ)<§> lp = 10 mAdc 


• 
Reverse Breakdown Voltage = 200 V (Min) 


MAXIMUM RATINGS 
MPN3700 
| MMBV3700L 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
200 
Volts 


Total Device Dissipation 
@ Ta = 25°C 
Derate above 25°C 


pd 
280 


2.8 


200 


2.0 


mW 


mwrc 


Junction Temperature 
Tj 
+ 125 
•c 


Storage Temperature Range 
Tstg 
-55 to +150 
"C 


DEVICE MARKING 


MMBV3700L=4R 


ELECTRICAL CHARACTERISTICS (TA = 25°C urlless otherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir=10mA) 
V(BR)R 
200 


- 
- 
Volts 


Diode Capacitance 
(VR= 20Vdc, f= 1.0 MHz) 
cT 
— 
— 
1.0 
pF 


Series Resistance (Figure 5) 
(lF=10mA) 
Rs 
— 
0.7 
1.0 
Ohms 


Reverse Leakage Current 
(VR=150Vdc) 
ir 
— 
— 
0.1 
pA 


Reverse Recovery Time 
(lF = lR=10mA) 
trr 
— 
300 
— 
ns 
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MMBV3700L 
MPN3700 


SILICON PIN 
SWITCHING DIODES 


CASE 182-02 
CASE 318-07 
TO-226AC 
TO-236AB 
TO-92 
SOT-23 
MPN3700 
MMBV3700L 


3Jt! -|"|J3 


STYtft: 
PIN 1. ANODE 
2. CATHODE 


CASE 182-02 
TO-226AC (TO-92) 


T 


DM 
KUMETERS 
INCHES 
KM 
wu 
KN 
MM 
A 
4J2 
533 
0170 
0710 
B 
4.45 
*V 
0175 
0705 
C 
3.18 
419 
0.125 
0165 
D 
041 
056 
0016 
0022 
F 
0407 
Offll 
0016 
0019 
5 
177 BSC 
0050 BSC 
H 
- 
1 127 
- 
1 0050 
4 
2.54 BSC 
0.100 BSC 


K 
12.70 
_ 
0500 
_ 


L 
6.35 
_ 
0750 
_ 


N 
203 
26S 
OOSO 
0105 
t 
233 
— 
0115 
— 


R 
343 
— 
0.135 
— 


S 
0.36 
0.41 
0.014 
0016 


1 Lr+ 
-4 


ifi 
cj 
-J L-cJ 


}—«4 I— 
H—' 
—4 KI—— 
J-l 


STYIEO: 
P1N1. ANODE 
2. NO CONNECTION 
3. CATHODE 


CASE 31807 
TO-23GAB 
SOT-23 


DM 
KUMETERS 
INCHES 
KN 
MAX 
KM 
MAX 


A 
ita 
IP* 
0.1102 
01197 


B 
1.70 
1*0 
00172 
00551 
C 
069 
1.11 
0O35O 
00*40 
D 
037 
050 
00150 
0O203 


0 
178 
204 
00701 
0OW7 


H 
0013 
O100 
00005 
00040 


J 
0095 
0177 
00034 
0(870 
K 
045 
P» 
00180 
00236 
I 
009 
102 
00350 
00(01 
S 
2.10 
250 
00630 
00964 


V 
045 
060 
O0177 
00236 


MMBV3700L, MPN3700 


TYPICAL ELECTRICAL CHARACTERISTICS 


RGURE 1 — SERIES RESISTANCE 
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FIGURE 3 - 
DIODE CAPACITANCE 
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FIGURE 2 - 
FORWARD VOLTAGE 
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VF. FORWARD VOLTAGE (VOLTS) 
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FIGURE 4 - 
LEAKAGE CURRENT 
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FIGURE 5 - 
FORWARD SERIES RESISTANCE TEST METHOD 


Boonton 


Model 33A or B 


10 pF 


AHmeasurements @ 100 MHi 


-••O*- 


500 n 
-Wr- 


OUT. 
PowerSupply 
2 
~ 
Fortest fixture,loads should, 
bo as short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. The resistance of the 10 pF ca 
pacitor can be considered negligible lor this measurement. 
1. The RF Admittance Bridge (Boonton 33A or B) must be ini 
tially balanced, with the test circuit connected to the bridge 
test terminals. The conductance scale will be set at zero 
and the capacitance scale will be set at 120 pF, as required 
when using the 100 MHz test coil. 


2. Use a short length of wire to short the test circuit from point 
"A" to "B". Then connect the power supply providing 10 mA 
of bias current to the test circuit. 
3. Adjust the capacitance scale arm of the bridge and the "G" 
zero control for a minimum null on the "null meter". The 
null occurs at approximately 130 pF. 


4. Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 


5. Obtain a minimum null on the "null meter", with the ca 
pacitance and conductance scale adjustment arms. 
6. Read conductance (G) direct from the scale. Now read the 
capacitance value from the scale (—130 pF) and subtract 
120 pF which yields capacitance (C). The forward resistance 
(R$) can now be calculated from: 


„ 
2.533 G 
Rs: 


Where: 
G— in micromhos, 
C — in pF. 
Rg — in ohms 


C2 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


SILICON PIN DIODE 


. . . designed primarily for VHF band switching applications but 
also suitable for 
use 
in general-purpose switching and attenuator 
circuits. Supplied in a cost effective TO-92 type plastic package for 
economical, high-volume consumer and industrial requirements. 


• 
Rugged PIN Structure Coupled with Wirebond Construction 
for Optimum Reliability 


• 
Low Series Resistance @ 100 MHz- 
RS =0.7 Ohms (Typ) @ lp = 10 mAdc 


• 
Sturdy TO-92 Style Package for Handling Ease 


MAXIMUM RATINGS 


Rating 
Symbol ' 
Value 
Unit 


Reverse Voltage 
Vr 
20 
Volts 


Forward PowerDissipation @T/\ " 25°C 
Derate above 25°C 
Pf 
400 
4.0 
mW 
mW/°C 


Junction Temperature 
Tj 
+125 
°C 


Storage Temperature Range 
Tstg 
-55 to +150 
°C 


ELECTRICAL CHARACTERISTICS (Ta =25°C unlessotherwise noted) 


Characteristic 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(Ir- 10 uA) 
V(BR)R 
20 
- 
- 
Volts 


Diode Capacitance 
(Vr -15 Vdc. f • 1.0 MHz) 
cT 
— 
1.3 
2.0 
pF 


Series Resistance (Figure 5) 
Of - 10 mA) 
Rs 
~ 
0.7 
0.85 
Ohms 


Reverse Leakage Current 
(Vr • 15 Vdc) 
>R 
- 
- 
0.1 
mA 
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MPN3404 


SILICON PIN 
SWITCHING DIODE 


a 
^ 
«SF=t 


f 
3& -).|j- 
STYLE 1: 
PW1. ANODE 
2. CATHODE 
T 


NOTES: 
1. CONTOUR OFPACKAGE BEYONDZONEP IS 
UNCONTROLLED. 
2. DIMENSIONf APPLIESBETWEENH AND L 
DIKENStONDANDS APPLIES BETWEEN LAND 
12.70mm(051 FROMSEATINGPLANE.LEAD 
DIMENSION IS UNCONTROLLED INHAND 
BEYOND 12.70mm(051 FROM SEATING PLANE. 


DM 
WLLWUTERS 
INCHES 
MM 
MAX 
KM 
MAX 


A 
432 
533 
aiTO 
0.210 


B 
4.45 
5.21 
0.175 
0.205 


C 
3.18 
4.19 
0.125 
0.165 


D 
041 
056 
0016 
O022 


F 
0.407 
0.432 
M16 
0.019 


G 
137BSC 
0050 BSC 


H 
- 
1 1.27 
- 
1 0.050 
J 
2.54 BSC 
0.100 BSC 


K 
12.70 
— 
0593 
— 


I 
MS 
— 
<L2» 
— 


N 
2.03 
2X6 
OOM 
0105 


P 
2# 
_ 
0.115 
— 


R 
3.43 
_ 
0.135 
— 


S 
0* 
0.41 
OjOM 
0.016 


CASE 182-02 


MPN3404 


TYPICAL ELECTRICAL CHARACTERISTICS 


FIGURE 1 - 
SERIES RESISTANCE 
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FIGURE 5 - 
FORWARD SERIES RESISTANCE TEST METHCD 


Boonton 


Model 33A or B 


All mMStrrtmrnti P 100 MHi 


PowerSupply 


- 
For lest fixture, leadsshould be as 
short as possible. 


To measure series resistance, a 10 pF capacitor is used to reduce 
the forward capacitance of the circuit and to prevent shorting of 
the external power supply through the bridge. The small signal 
from the bridge is prevented from shorting through the power 
supply by the 500-ohm resistor. 
The resistance of the 
10 pF 
capacitor can be considered negligible for this measurement. 


1. The RF Admittance Bridge (Boonton 33A or B) must be 
initially balanced, with the test circuit connected to the 
bridge test terminals. The conductance scale will be set at 
zero and the capacitance scale will be set at 120 pF, as re 
quired when using the 100 MHz test coil. 


2. 
Use a short length of wire to short the test circuit from 
point "A" to "B". 
Then connect the power supply pro 
viding 10 mA of bias current to the test circuit. 


3. 
Adjust the capacitance scale arm of the bridge and the "G" 
zero control for 
a 
minimum null on the "null meter". 
The null occurs at approximately 130 pF. 


4. 
Replace the wire short with the device to be tested. Bias 
the device to a forward conductance state of 10 mA. 


5. Obtain a minimum null on the "null meter", with the 
capacitance and conductance scale adjustment arms. 


6. 
Read conductance (G) direct from the scale. 
Now read 
the capacitance value from the scale (as 130 pF) and sub 
tract 120 pF which yields capacitance (C). 
The forward 
resistance (Rs> can now be calculated from: 


Rs 


Where: 
G —in micromhos. 
C - in pF, 
Rs - in ohms 


2.S33G 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


vvc 


SILICON EPICAP DIODE 


... designed for FM tuning, general frequency control and tuning, or 
any top-of-the-line application requiring back-to-back diode configu 
rations for minimum signal distortion and detuning. This device is 
supplied in the popular TO-92 plastic package for high volume, 
economical requirements of consumer and industrial applications. 
* 
High Figure of Merit — 
Q= 140 (Typ) @ Vr = 3.0 Vdc, f = 100 MHz 
* 
Guaranteed Capacitance Range 
37- 42 pF @ Vr = 3.0 Vdc (MV104) 
* 
Dual Diodes —Save Space and Reduce Cost 
* TO-92 Package for Easy Handling and Mounting 
* Monolithic Chip Provides Near Perfect Matching - 
Guaranteed 
±1% (Max) Over Specified Tuning Range. 


MAXIMUM RATINGS (Each Device) 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
32 
Volts 


Forward Current 
"F 
200 
mA 
Total gower Dissipation (^TA = 
25 C Derate above 25 C 
PD 
280 


2.8 


mW 
mW/°C 


Junction Temperature 
Tj 
+ 125 
°C 


Storage Temperature Range 
Tstg 
-55 to +150 
°C 


RGURE 1 — DIODE CAPACITANCE 
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MV104 


DUAL 
VOLTAGE-VARIABLE 
CAPACITANCE DIODE 


CASE 29-04 
TO-226AA 


STYLE15: 
P1N1. AN0DE1 
2. CATHODE 
1 ANODE2 


DM 
MILLIMETERS 
moHES 
Mm 
MAX 
MtN 
MAX 


A 
432 
533 
0.170 
0.210 
B 
4.45 
5.20 
0.175 
0.206 


C 
3.19 
4.19 
0.125 
0.165 


0 
0.41 
0.55 
0.016 
0.022 


F 
0.41 
0.48 
0016 
0019 
Q 
1.15 
1.33 
0.045 
0.055 
H 


— 
2.54 
— 
0.100 


J 
2.42 
2.66 
P035 
0.105 


X 
12.70 
— 
0.503 
— 


I 
635 
_ 
0250 
— 


N 
2.04 
2.66 
0.080 
0.105 


P 
293 
_ 
0115 
— 


R 
343 
_ 
0.135 
_ 


S 
0.39 
0.50 
0015 
0.020 


CASE 29-04 
TO-226AA 


MV104 


ELECTRICAL CHARACTERISTICS (Ta 
25°C unless otherwise noted, Each Device) 


Characteristic—All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
(lR = lOuAdc) 
V(BR)R 
32 
— 
— 
Vdc 


Reverse Voltage Leakage Current T^ =25°C 
(Vr =30 Vdc) 
TA =60°C 
'R 


- 
- 


50 
500 
nAdc 


Diode Capacitance Temperature Coefficient 
(VR = 4.0Vdc. f * 1.0 MHz) 
TCC 
280 
ppm/°C 


Ct. Diode Capacitance 
VR =3.0Vdc,f=1.0MHz 


pF 


Q. Figure of Merit 
VR = 3.0Vde 


f = 100 MHz 


Cr, Capacitance Ratio 
C3/C30 


f = 1.0 MHz 


Device 
Min 
Max 
Min 
Typ 
Min 
Max 


MV104 
37 
42 
100 
140 
2.5 
2.8 


TYPICAL CHARACTERISTICS (Each Device) 


FIGURE 2 - 
FIGURE OF MERIT versus VOLTAGE 
FIGURE 3 - 
FIGURE OF MERIT versus FREQUENCY 
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FIGURE 4 - 
DIODE CAPACITANCE versus TEMPERATURE 
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FIGURE 5 - 
REVERSE CURRENT versus REVERSE VOLTAGE 


10 
15 
20 


Vr. REVERSE VOLTAGE (VOLTS) 


MOTOROLA RF DEVICE DATA 


6-37 


MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Tuning Diodes 


SILICON HYPER-ABRUPT TUNING DIODES 


. . . designed with high capacitance and a capacitance change of 
greater than TEN TIMES for a bias change from 2 to 10 volts. 
Provides tuning over broad frequency ranges; tunes AM radio 
broadcast band, general AFC and tuning applications in lower 
RF frequencies. 


• 
High Capacitance: 
120-550 pF 


• 
Large Capacitance Change with Small Bias Change 


• 
Guaranteed High Q 


• 
Available in Standard Axial Glass Packages 


• 
H Suffix Devices with 100% Screening 


100% SCREENING FOR HIGH RELIABILITY 


MV1401H, MV1403H, MV1404H, MV1405H are screened with the 
following tests: 


Internal Visual Inspection 
per 12M53957B (MIL-STD-750 METHOD 2073 PARAGRAPH 3.3 
AND METHOD 2074 PARAGRAPH 3.1.3) 


High Temperature Storage 
Ta=200°C, t3* 48 hours 
Thermal Shock (Temperature Cycling) 
MIL-STD-202, Method 107, Condition C except 10 cycles 
continuously performed 
t(extremes)= 15 minutes 
Constant Acceleration 
MIL-STD-750, Method 2006 
20,000 G's (Y1 axis only) 


Hermetic Seal 
MIL-STD-750, Method 1071 
Fine Le8k - Condition G 
Gross Leak - Condition D 


Electrical Test 
Ir and Ct 
High Temperature Reverse Bias 
Ta = 120°C ± 5°C,\> 96 hours 
Vr = 80% of V(BR)R MIN 
Lower temperature till Ta = 30±5°C 
Maintain this temperature prior to removal of Reverse Bias 
Voltage. Perform Electrical Test within 24 hours following 
bias removal. 


Electrical Test 
lp and Ct 
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MV1401, H 
MV1403, H 
MV1404, H 
MV1405, H 


HIGH TUNING RATIO 
VOLTAGE-VARIABLE 
CAPACITANCE DIODES 


120-550 pF 
12 VOLTS 


TT1 


17 


L 


DIM 
•niiiuiKRS 
ikchis 


MIN 
MAX 
KIN 
MAX 


A 
SS4 
'R 
0JM 
OJOO 


t 
MS 
in 
oow 
0107 
a 
0«S 
OSS 
a on 
00?2 
% 
!)'. 
OftO 
K 
2S.40 
tfio 
i«n 
isoa 


AIIJEOEC doctcwn md Min K>s>» 
CASE 51-02 
J?L 


13 


m 
STYLE 1 
PIN I. CATHODE 
2. ANODE 


OIM 
MlltHtTER* 
iUkts 
MIN 
MAI 
KIN 
MAX 


A 
5*4 
7H 
sm. 9W 
e 
>.» 
)U 
MM 
0,«0 
0 
•a:uJ OSJ 
OOtl 
vm 
F 
yv 
JLffiJ. 
K 
K.40 
1.000 


• JEOECd 


CASE 148-01 


MV1401, H • MV1403, H • MV1404, H • MV1405, H 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
12 
Volts 


Forward Current 
if 
250 
mA 


Device Dissipation @ TA = 25°C 
Derate above 25°C 
Pd 
400 
2.67 
mW 
mW/°C 


Junction Temperature 
tj 
+175 
°C 


Storage Temperature Range 
Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (TA= 25°C unless otherwise noted) 


Characteristic — All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage 
i(r = JO /iAdc) 
V(BR)R 
12 
— 
— 
Vdc 


Leakage Current at Reverse Voltage 
(VR=10Vdc,TA=25°C) 
IR 
— 
— 
0.10 
pAdc 


Series Inductance 
(f = 250 MHz. Lead Length ~ 1/16") 
LS 
— 
5.0 


— 
nH 


Case Capacitance 
(f = 1.0 MHz. Lead Length ~ 1/16') 
cc 
— 
0.25 
— 
PF 


Ct. Diode Capacitance 
Q. Figure of Merit 
TR, Tuning Ratio 


VR = 1.0Vdc. f=1.0MHz 


pF 


VR =2.0Vdc, f= 1.0 MHz 


PF 


Vr =2.0 Vdc, 


f= 1.0 MHz 
C1/C10 


f= 1.0 MHz 
C2/Cio 


f = 1.0 MHz 


Device 
Min 
Nom 
Max 
Min 
Nom 
Max 
Min 
Min 
Min 


MV1401, H 


MV1403. 
H 


MV1404, 
H 


MV1405. 
H 


468 
550 
633 


140 


96 


200 


175 


120 


250 


210 


144 


300 


200 


200 


200 


200 


14 


10 


10 


10 


PARAMETER TEST METHODS 


1. LS. SERIES INDUCTANCE 
Lg is measured on a shorted package at 250 MHz using an 
impedance bridge (Boonton Radio Model 250A RX Meter). 


2. Cc. CASE CAPACITANCE 
Cc is measured on anopen package at 1.0 MHz using a capaci 
tance bridge (Boonton Electronics Model 75A or equivalent). 


3. Cj. DIODE CAPACITANCE 
(Ct = Cc +Cj) Ct is measured at 1.0 MHz using a capacitance 
bridge (Boonton Electronics Model 75A or equivalent). 


4. TR. TUNING RATIO 
TR is the ratio of Ct measured at 2.0 Vdc (1.0 Vdc for MV1401) 
divided by Ct measured at 10 Vdc. 


5. a 
FIGURE OF MERIT 
Q is calculated by taking the G and C readings of an admittance 
bridge at the specified frequency and substituting in the follow 
ing equation: 


2rrfC 


(Boonton Electronics Model 33AS8). Use Lead Length ~ 1/16". 


SOO 
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FIGURE 1 - 
DIODE CAPACITANCE versus 
REVERSE VOLTAGE 
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MOTOROLA 
SEMICOIMDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diodes 


... epitaxial passivated tuning diodes designed for AFC applications in radio, TV, and 
general electronic-tuning. 


• 
Maximum Working Voltage of 20 V 
• Excellent Q Factor at High Frequencies 
• Solid-State Reliability to Replace Mechanical Tuning Methods 


MAXIMUM RATINGS (Tc = 25°Cunless otherwise noted) 


Characteristic 
Symbol 
Rating 
Unit 


Reverse Voltage 
Vr 
20 
Volts 


Forward Current 
if 
250 
mA 


Device Dissipation fn Ta = 25°C 
Derate above 25°C 
pd 
400 
2.67 
mW 
mwrc 


Junction Temperature 
tj 
+ 175 
°C 


Storage Temperature Range 
Tstg 
-65 to +200 
°C 


ELECTRICAL CHARACTERISTICS (Ta = 25°Cunless otherwise noted) 


MV1620 
THRU 
MV1650 


VOLTAGE-VARIANCE 
CAPACITANCE 
DIODES 
6.8-100 pF 
20 VOLTS 


Characteristic — All Types 
Symbol 
Min 
Typ 
Max 
Unit 


Reverse Breakdown Voltage (Ir = 10 /iAdc) 
V(BR)R 
20 
— 
— 
Vdc 


Reverse Voltage Leakage Current (Vr = 15 Vdc) 
IR 
— 
— 
0.1 
fiAdc 


Series Inductance (f - 
250 MHz, lead length « 1/16") 
LS 
- 
4.0 
- 
nH 


Case Capacitance (f = 1.0 MHz, lead length ~ 1/16") 
cc 
- 
0.17 
- 
pF 


Ct. Diode Capacitance 
Q, Figure of Merit 
TR, Tuning Ratio 
Vr = 4.0 Vdc, f = 1.0 MHz 
Vr = 4.0 Vdc. 
c2/c2o 


Device 


pF 
f = 50 MHz 
f = 
1.0 MHz 


Min 
Nom 
Max 
Min 
Min 
Max 


MV1620 
6.1 
6.8 
7.5 
300 
2.0 
3.2 


MV1624 
9.0 
10.0 
11.0 
300 
2.0 
3.2 


MV1626 
10.8 
12.0 
13.2 
300 
2.0 
3.2 


MV1628 
13.5 
15.0 
16.5 
250 
2.0 
3.2 


MV1630 
16.2 
18.0 
19.8 
250 
2.0 
3.2 


MV1634 
19.8 
22.0 
24.2 
250 
2.0 
3.2 


MV1636 
24.3 
27.0 
29.7 
200 
2.0 
3.2 


MV1638 
29.7 
33.0 
36.3 
200 
2.0 
3.2 


MV1640 
35.1 
39.0 
42.9 
200 
2.0 
3.2 


MV1642 
42.3 
47.0 
51.7 
200 
2.0 
3.2 


MV1644 
50.4 
56.0 
61.6 
150 
2.0 
3.2 


MV1648 
73.8 
82.0 
90.2 
150 
2.0 
3.2 


MV1650 
90.0 
100.0 
110.0 
150 
2.0 
3.2 


TR, Tuning Ratio, is the ratio of Ct measured at 2.0 Vdc divided by Ct measured at 20 Vdc. 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


Silicon Epicap Diodes 


... designed for high-capacitance, high-tuning ratio applications. 


• Guaranteed Capacitance Range 
• Surface Mount Package 
• Available in 12 mm Tape and Reel 
• Hyper Abrupt Junction Process Provides High Tuning Ratio 
• 
T1 is Tape and Reel 7", 1000 Units 
• T3 is Tape and Reel 13", 4000 Units 


DEVICE MARKING 
= V7005 


MAXIMUM RATINGS (Each Diode) 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
Vr 
15 
Volts 


Forward Current 
if 
50 
mA 


Total Power Dissipation fn Ta = 25°C 
Derate above 25°C 
pd 
280 


2.8 


mW 
mW/t 


Junction Temperature 
tj 
+ 125 
C 


Storage Temperature Range 
Tstg 
-55 to +125 
°C 


ELECTRICAL CHARACTERISTICS (TA = 25'C unless otherwise noted) 


MV7005T1 
MV7005T3 


HIGH CAPACITANCE 
VOLTAGE-VARIABLE 
DIODES 


•2.4 


CASE 318E-04, STYLE 2 
SOT-223 


Characteristic 
Symbol 
Min 
Max 
Unit 


Reverse Breakdown Voltage 
Or = 10/iAdc) 
V(BR)R 
15 


— 
Vdc 


Reverse Voltage Leakage Current 
(VR = 9.0 Vdc) 
IR 
— 
100 
nAdc 


Diode Capacitance 
(Vr = 1.0 Vdc, f = 1.0 MHz) 
CT 
400 
520 
pF 


Capacitance Ratio C1/C9 
(f = 1.0 MHz) 
Cr 
12 


- 
- 


Figure of Merit 
(Vr = 1.0 Vdc. f - 
1.0 MHz) 
Q 
150 


— 
— 
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MV7005T1, MV7005T3 


1000 


SOO 


N. 
"""*. 


f = 1.0 MHz 


100 
1.0 


1 
VR = 1.0V^ 


VR = 9.0V 


0 
25 
SO 
75 
Ta,AMBIENT TEMPERATURE l°C) 


100 
13 
5 
7 
9 


VR, REVERSE VOLTAGE (VOLTS) 


Rgure 1. Diode Capacitanco versus Reverse Voltage 
Rgure 2. Diode Capacitance versus Ambient Temperature 
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MOTOROLA 
SEMICONDUCTOR 
TECHNICAL DATA 


vvc 


SILICON TUNING DIODE 


. . . designed for electronic tuning of AM receivers and high 
capacitance, high tuning ratio applications. 
• High Capacitance Ratio — CR= 15 (Min), 
MVAM108, 115, 125 


• 
Guaranteed Diode Capacitance — Ct = 440 pF (Min) — 
560 pF(Max)@ VR = 1.0 Vdc.f = 1.0 MHz, 
MVAM108, MVAM115. MVAM125 


• 
Guaranteed Figure of Merit — 
Q = 150 (Min)@ VR = 1.0 Vdc,f = 1.0 MHz. 


MAXIMUM RATINGS 


Rating 
Symbol 
Value 
Unit 


Reverse Voltage 
MVAM108 
MVAM109 
MVAM115 
MVAM125 


VR 
12 
IS 
18 
28 


Volts 


Forward Current 
if 
SO 
mA 


Power Dissipation @ Ta = 25°C 
Derate Above 25°C 
Pd 
280 
2.8 
mW 
mW/°C 


Operating and Storage Junction 
Temperature Range 
Tj. Tstg 
-55to + 125 
°C 


FIGURE 1 - 
TYPICAL AM RADIO APPLICATION 


AGCo 


Tuning Voltage 
T 


MVAMxxx I 


TolF 
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MVAM108 
MVAM109 
MVAM115 
MVAM125 


TUNING DIODES 
WITH VERY HIGH 
CAPACITANCE RATIO 


STYLE 1: 
PIN 1. ANODE 
2. CATHODE 


DIM 
mmETEftS 
mcKES 
MM 
MAX 
MW 
MAX 
A 
4.32 
5.33 
0.170 
0.210 
B 
4.45 
5.21 
0.175 
0205 
C 
118 
4.19 
0125 
0165 
D 
041 
056 
0.016 
O022 
F 
0.407 
0.482 
0.015 
0.019 
G 
1.77 BSC 
OOSOesc 
H 
- 
1 1.27 
- 
OOSO 
J 
2*1 esc 
am esc 
K 
12.70 
_ 
0.500 
_ 


L 
035 
— 
0250 
_ 


N 
2.03 
2.66 
0.00) 
0.105 
P 
233 
_ 
0.115 
_ 


R 
3.43 
— 
0.135 
_ 


S 
035 
041 
m* 
0.016 


CASE 182-02 


MVAM108, MVAM109, MVAM115, MVAM125 


ELECTRICAL CHARACTERISTICS (TA, =25°C unless otherwise noted. Each Device) 


Characteristic — All Typos 
Symbol 
Min 
Typ 
Max 
Unit 


Breakdown Voltage 
(lR=10*iAdc) 
MVAM108 
MVAM109 
MVAM115 
MVAM125 


V(BR)R 
12 
15 
18 
28 


- 
- 


Vdc 


Reverse Current 
(VR= 8.0V) 
MVAM108 
(VR= 9.0V) 
MVAM109 
(VR=15V) 
MVAM115 
(Vr = 26V) 
MVAM125 


>R 


- 
- 


100 
100 
100 
100 


nAdc 


Diode Capacitance Temperature Coefficient (1) 
(VR= 1.0 Vdc, f = 1.0 MHz.TA= -40°C to +85°) 
TCC 
— 
435 
— 
ppm/°C 


Case Capacitance 
(f='1.0 MHz, LeadLength1/16") 
cc 
— 
0.18 
— 
PF 


Diode Capacitance (2) 
(Vr= I.OVdc, f= 1.0MHz) 
MVAM108.115. 125 
MVAM109 


ct 
440 
400 
500 
460 
560 
520 


PF 


Figure of Merit 
(f = 1.0 MHz, Lead Length 1/16", VR = 1.0 Vdc) 


Q 
150 


— 
— 
— 


Capacitance Ratio 
(f= 1.0 MHz) 
MVAM108 
MVAM109 


MVAM115 
MVAM125 


C1/C8 
C1/C9 
C1/C15 
C1/C25 


15 
12 
15 
15 


- 
- 


Notes: 
(1) The effect ofincreasing temperature 1 0°C. at any operating point, isequivalent to lowering the effective tuning voltage 1.25 mV.The percent changeof 
capacitance per °C is nearly constant from -40°C to ♦100°C. 
(2) Upon request, diodesare available in matched sets. Alldiodes in a set can be malchod lor capacitance to 3%or 2.0 pF(whichever is greater)at all points 
along the specified tuning range. 


MVAM108 
Figure 2. Capacitance versus Reverse Voltage 
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MVAM115 
Figure 4. Capacitance versus Reverse Voltage 
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MVAM109 
Figure 3. Capacitance versus Reverse Voltage 


1000 


*=100 


X 


13 
5 
7 
9 
VR, REVERSE VOLTAGE (VOLTSI 


MVAM 125 
Figure 5. Capacitance versus Reverse Voltage 
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Class C Power 


The primary concern of the RF transistor designer 
is meeting the requirements for output power, gain, 
and 
ruggedness 
at 
the 
specified 
frequency 
and 
supply voltage. 
Most RF applications typically require 12.5 or 28 
volt operation of a power device in a mobile trans 
mitter, base 
station, or avionics application. This 
choice dictates the epitaxial layer resistivity. Low 
resistivity, about 
1 ohm/cm, is used 
for 
mobile 
devices, while 28 V base station and avionics devices 
are usually built using epi with 2 ohm/cm resistivity. 
Epi resistivity controls collector breakdown voltage, 
since the resistivity value determines the maximum 
possible breakdown voltage. Typically, a particular 
device 
rarely achieves this bulk breakdown value 
because of junction curvature and surface effects. 
When 
high 
voltages 
are present in an amplifier, 
high breakdown voltages are needed if the transistor 
is to survive. High voltage breakdowns are usually 
obtained 
by 
such 
added 
features 
as 
collector 
depletion 
rings, 
or 
by 
a 
high 
voltage 
diffusion 
surrounding 
the 
relatively 
shallow 
RF 
base 
diffusion. Voltages in excess of 150 volts are easily 
obtained this way. 
Output power is determined primarily by the 
"electrical size" of the chip. Two common methods 
of sizing are emitter diffusion periphery and base 
diffusion area. Emitter periphery sizing is based on 
the premise that there is some optimum current 
which should be injected for each mil of emitter 
periphery. The 
base 
area 
sizing 
is based on an 
optimum power density. Both of these techniques 
are 
oversimplifications 
which make it 
impossible 
to apply them to widely varying device geometries 
and applications. Motorola uses a different method 
of sizing based on each geometry's Current Factor. 
Current Factor values are obtained by considering 
both emitter periphery effects and power density. 
Proper 
weighting 
of 
both 
factors 
makes 
this 
technique of sizing widely applicable. No matter 
what sizing technique is chosen, the end result is that 
greater 
power-handling 
capability 
requires 
larger 
chips. 
Small-signal 
devices, 
with 
only 
a 
few 
milliwatts of output power, and large devices with 
100 watts output, range 
from 
current factors of 
only 1 to nearly 2000. 
An alternative approach to high output power is 
to use several smaller chips in parallel. Unless extreme 
care is taken, this approach can result in unequal 
current and 
power sharing. Single large chips are 


also 
susceptible 
to 
this 
sharing 
problem 
unless 
specific 
steps 
are 
taken 
to 
ensure 
even current 
distribution. The primary method of handling this 
problem 
is 
by 
the 
use of well-designed emitter 
resistor layouts. The lowest value of emitter resistance 
on a chip is chosen to prevent thermal runaway up 
to the highest temperatures the device may encounter, 
possibly up to 300°C during output impedance 
mismatch 
conditions. 
An 
appropriate 
matrix of 
emitter resistance values is constructed so that the 
overall current distribution among the many parallel 
emitter sites results in an even thermal distribution. 
Verification 
of 
thermal 
balance 
is obtained 
by 
precise 
infrared 
microscope 
measurements 
across 
the entire chip. 
The 
thermal 
balance of 
larger 
chips 
is 
also 
improved considerably by "cell spreading." In this 
techique the base diffusion area is broken up into 
smaller areas, or cells, and each cell is sufficiently 
removed from those adjacent to eliminate thermal 
interaction. 
The 
net 
effect 
is 
to 
achieve 
lower 
thermal 
resistance. This 
is exceedingly 
important 
in large devices where high power dissipation levels 
can 
cause 
excessive 
junction 
temperature 
when 
thermal resistance is not minimized. Some symptoms 
of excessively high temperature operation are low 
efficiency, 
power 
slump, 
and, 
frequently, 
total 
device failure. 
The overall ruggedness of a transistor is enhanced 
by 
many 
techniques. 
All of them 
are aimed at 
preventing two things: junction breakdown due to 
excessive voltages and failure due to hot-spotting. 
Here again, epitaxial layer resistivity and thickness 
are used to alter breakdown voltages and saturated 
output 
power. 
Thermal 
balancing 
by 
base 
cell 
spreading and using emitter resistors also has a strong 
effect on 
ruggedness. These techniques are com 
monly referred to as collector and emitter ballasting. 
Ballasting of either type can improve ruggedness for 
a fixed geometry size (current factor), but there is 
a definite trade-off with gain. 
Usually increasing 
ruggedness 
requires decreasing 
gain 
unless one 
is 
willing to pay the penalty of the cost of larger die. 
Large die can also adversely affect gain, since it 
is a practical fact that gain decreases by 2 dB 
for 
each doubling in current factor. To offset this gain 
decrease, 
the 
designer 
has 
another 
technique 
available—increase the packing denisty within the 
chip. 
The 
most common 
method of measuring 
packing density is with the figure of merit obtained 
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from the ratio of emitter periphery (Ep) to base 
area (Ba.) of the chip. Higher Ep/BA ratios result 
in higher gain. Typically, Ep/BA ratios are as shown 


in the table. 


Ep/BA 
FREQUENCY 
GEOMETRY TYPE 


0.5-1.5 
3-30 MHz 
Interdigitated 
1.5-3.5 
VHF 
Interdigitated or 
Spine (Overlay) 
3.5-4.5 
UHF 
Spine (Overlay) or 
Mesh (Network) 
5.5-6.5 
800-900 MHz 
Mesh 


Higher Ep/BA. 
ratios 
generally mean greater 
processing , difficulties. 
These 
difficulties 
are 
somewhat offset by the choice of geometry type. 
Fundamentally, the interdigitated geometry requires 
narrow spacing between emitter and base fingers 
and 
narrow finger 
widths. The maximum Ep/BA 
ratio obtainable with an interdigitated structure of 
uniform spacing "S" is given by 


(Ep/BA)MAX =°^. 


Spacings 
of 
0.08 
mil 
are 
the 
minimum 
easily 
obtainable with current technology, giving a maxi 
mum figure of merit of 5.6. Actual devices with this 
spacing are usually about 4.5. Building a large power 
device using this geometry calls for a great many 
narrow metallization fingers. 


Resistors 


hi 


th 


Enlargement of this "interdigitated" 
ometry 
shows emitter resistors that 


>ve been added to balance the current 
roughout the chip. 


This 
approach 
increases the 
probability of a 
metallization defect linking adjoining fingers 
and 


enhances failures due to metal migration. The spine 
or mesh geometries used for higher figure of merit 
do not completely relieve the tight spacing require 
ments. In both cases, tight metal spacing is relieved 
while 
diffusion 
spacings 
are 
not. 
For 
example, 
4.5 is the maximum Ep/BA rat'° *or a 0*^ m" 
spacing 
with 
an 
interdigitated device. Motorola's 
family of UHF power devices MRF641 (15 watt), 
MRF644 
(25 
watt), 
MRF646 
(45 
watt), 
and 
MRF648 (60 watt) are constructed using a split 
mesh 
(adjoining 
emitter 
fingers 
are 
not 
inter 
connected). All four devices have an Ep/BA ratio °* 
4 
and are built with 
a 0.1 
mil spacing between 
adjacent emitter and P+ diffusion areas. Similar tight 
spacing is required in the mesh geometry used for 
the 800-900 MHz 7, 20, 30, and 40 watt devices. 
Here the spacing is reducedto 6.06 mil, usinga mesh 
geometry. Without tight spacing of emitter to P-f 
such as these devices have, high Ep/BA ratios will 
not produce good gain. The introduction of the P+ is 
required to maintain full utilization of all elements 
of the emitter periphery. Introducing undulations 
in the shape of the emitter to increase the periphery 
without a closely spaced P+ will cause some elements 
of the periphery to be debiased due to uneven base 
voltage drops. 
The metal migration failure rate as measured by 
MTBF 
(Mean Time 
Before 
Failure) 
depends on 
current density, metallization cross-sectional area, 
and activation energy. Activation energy may be 
varied by the choice of metallization with gold and 
aluminum 
being the two most common choices. 
Motorola uses gold metallization for both avionics 
and 28 volt base station devices where continuous 
operation is anticipated. Mobile devices are usually 
constructed of aluminum. In either case, devices are 
designed for a minimum of 10 years MTBF. 


Linear Power 


Linear 
operation 
is 
usually 
accomplished 
by 
building the same type of transistor structure as used 
in Class C operation. The major difference is the 
linearity requirements force the use of devices with 
larger current factors. They are also usually fabricated 
with slightly lower collector resistivity. The combi 
nation of these factors allows the device to maintain 
good 
linearity 
with 
high 
power 
output 
levels. 
Motorola has led the industry with its family of SSB 
large-chip transistors, MRF421, MRF422, MRF428. 
These chips are large, 140 X 250 mils, and have 
Current 
Factors 
approaching 
2000. 
The 
higher 
voltage devices are built using a combination of both 
depletion rings and deep P+ high voltage diffusions. 
All 
feature 
thermal 
ballasting 
through 
emitter 


resistor matrices. 
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Overlay Structure. Individual emitter cell blocks are dif 
fused into a common base region. Emitter interconnection 
runs are made over a passivating silicon dioxide layer, re 
ducing the need for critically thin interdigitated metal 
fingers. 


Bnio Contact 


Network Emitter Structure. This structure maximizes emit 
ter periphery to base area ratio but pays for it with increased 
production difficulty and increased contact resistance. 
Motorola employs a thin nichrome barrier (not shown) 
between the silicon and the aluminum metalization in most 
network emitter and overlay devices to prevent aluminum 
metal migration thus improving long-term reliability. 


Small Signal 


Small-signal 
devices 
are constructed 
from 
the 
same types of geometries as used for power devices 
except on a much smaller scale of Current Factor. 
The small 
geometries do not suffer from the gain 
reduction 
due 
to size, allowing the use of lower 
Ep/BA rat'os f°r equivalent gain. 


Quite commonly, small-signal transistors are not 
only 
required 
to 
have a minimum gain, but also 
a minimum ft. This parameter is a measure of the 
total emitter-to-collector transit time. As the collec 
tor current is increased, the value of ft increases 
initially, peaks, and then finally decreases. The peak 
value is determined by the base and emitter region 
transit times. This parameter is controlled by both 
the 
base 
junction depth 
and 
the 
emitter doping 
species. 
Using 
conventional 
diffusion 
processes 
with a single base and emitter diffusion, maximum 
achievable ft for NPN transistors is about 3-4 GHz 
without 
severely degrading the normally desirable 
dc characteristics, namely BVq^q and hprf. 
The 
logical 
solution 
is 
to 
use 
arsenic 
as 
the 
emitter dopant 
species. 
Arsenic has 
an 
advantage 
over the more commonly used phosphorus diffusion 
source. The concentration dependent diffusivity of 
arsenic causes a very abrupt emitter profile. The 
increased 
profile gradient reduces the storage of 
free 
carriers 
in the 
emitter space charge 
layer, 
reducing the layer transit time, and increasing ft. 
Unfortunately, 
arsenic 
diffusion 
technology 
is 
difficult at best. 
The simplest method for using arsenic as a dopant 
species is to implant it. Motorola has recently introduced 
transistors with implanted arsenic emitters. These de 
vices have typical f,of 8 GHz without sacrificing dc char 
acteristics. 


A 
family 
of low noise devices 
has also 
been 
fabricated using similar processes. Low noise figure 
(NF) places additional requirements on both ft, the 
doping density of the base under the emitter, and 
the 
emitter 
diffusion 
width. 
Through 
special 
controlled 
processing, 
excellent 
NF 
values 
are 
obtained in the 1 to 2 GHz region. This performance 
requires high ft, low base spreading resistance, and 
0.05 mil wide arsenic implanted emitters. 


MOTOROLA RF DEVICE DATA 


7-5 


AN211A 


FIELD EFFECT TRANSISTORS IN THEORY AND PRACTICE 


INTRODUCTION 
There are two types of field-effect transistors, the 
Junction Field-Effect Transistor (JFET) and the "Metal- 
Oxide Semiconductor" Field-Effect Transistor (MOSFET), 
or Insulated-Gate Field-Effect Transistor (IGFET). 
The 
principles on which these devices operate (current con 
trolled by an electric field) are very similar 
the primary 
difference beingin the methodsby whichthe control ele 
ment is made. This difference, however, results in a con 
siderable difference in device characteristics and necessitates 
variances incircuit design,whichare discussed in this note. 


source< 


N-Channel JFET 


SOURCE( 


PChannol JFET 


JUNCTION FIELD-EFFECT TRANSISTOR 
(JFET) 


In its simplest form the junction field-effect transistor 
starts with nothing more than a bar of doped silicon that 
behavesas a resistor (Figure la). By convention, the ter 
minal into which current is injected is called the source 
terminal, since, as far as the FET is concerned, current 
originates from this terminal. The other terminal iscalled 
the drain terminal. Current flow between source and drain 
is related to the drain-source voltage by the resistanceof 
the interveningmaterial. In Figure lb, p-type regionshave 
beendiffused into the n-type substrate of Figure la leaving 
an n-type channel between the source and drain. 
(A 
complementary p-type device is made by reversing all of 
the material types.) These p-type regions will be usedio 
control the current flow between the source and the drain 
and are thus called gate regions. 
As with any p-njunction, a depletion region surrounds 
the p-n junctions when the junctions are reverse biased 
(Figure lc). Asthe reverse voltage is increased, thedeple 
tion regions spread into the channel until they meet, crea 
ting an almost infinite resistance between the source and 


the drain. 
If an external voltage is applied between source and 
drain(Figure Id) withzerogatevoltage, draincurrent flow 
in the channel sets up a reverse bias along the surface ol 
the gate, parallel to the channel. Asthe drain-source volt 
age increases, the depletion regions again spread into the 
channel because of the voltage drop in the channel which 
reversebiasesthejunctions. AsVrjs isincreased,the deple 
tion regions grow until they meet, whereby any further 


increasein voltageiscounterbalanced by an increase in the 
depletion region toward the drain. There is an effective 
increase in channel resistance that prevents any further 
increase in drain current. 
The drain-source voltage that 
causes this current limiting condition iscalled the "pinch- 
off voltage (Vp). Afurther increase indrain-source volt 
age produces only a slight increase in drain current. 
The variation in drain current (Irjl with drain-source 
voltage(Vrjs) at zero gate-source voltage(Vqs) is shown 
in Figure 2a. In the low-current region, the drain current 
is linearly related to Vds- As \\j increases, the "channel" 
begins to deplete and the slope of the Irj curve decreases. 
When the Vrjs is equal to Vp. Irj "saturates" andstays 
relatively constant until drain-to-gate avalanche,VBR(DSS) 
is reached. 
If a reverse voltage is applied to the gates, 
channel pinch-off occurs at a lower lp level (Figure 2b) 
because the depiction region spread caused by the reverse- 
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FIGURE 1 - Development of Junction 
Field-Effect Transistors 
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FIGURE 2 - 
Drain Currant Characteristics 
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biased gates adds tothat produced byVps- Thus reducing 
the maximum current for any valueof Vq$. 
Due to the difficulty of diffusing impurities into both 
sides of a semiconductor wafer,a single ended geometryis 
normally used instead ol"the two-sided structure discussed 
above. Diffusion for this geometry (Figure 3) is from one 
side only. The substrate is of p-type material onto which 
an n-type channel is grown epitaxially. A p-typegate is 
then diffused into the n-type epitaxial channel. Contact 
mclalization completes the structure. 
The substrate, which functions as Gate 2 of Figure l. 
is of relatively low resistivity material to maximize gain. 
For the same purpose. Gate I is of very low resistivity 
material, allowing the depletion region to spread mostly 
intothen-type channel. In most cases the gates areintern 
ally connected together. A tetrode devicecan be realized 
by not making this internal connection. 


DRAIN o 
DRAIN 0 


TYPEC 
CAoi(jR<> 
«u/jj£\ 0 
" 
V37 SUBSTRATE 
°~~VlK 
SUBSTRATE 


SOURCE O 
SOURCE O 
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MOS FIELD-EFFECT TRANSISTORS (MOSFET) 
The metal-oxide-semiconductor (MOSFET) operates 
with a slightly different control mechanism than the JFET. 
Figure 4 shows the development. The substrate may be 
high resistivity p-type material, as for the 2N4351. This 
timetwo separatelow-resistivity n-type regions(sourceand 
drain) arediffused intothesubstrate asshown inFigure 4b. 
Next, the surface of the structure is covered with an insu 
lating oxide layer and a nitride layer. 
The oxide layer 
serves as a protective coating for the FET surface and to 
insulate the channel from the gate. However the oxideis 
subject to contamination by sodium ions which are found 
in varying quantities in all environments. Such contamina 
tion results in long term instabilityand changes in device 
characteristics. 
Silicon nitride is impervious to sodium 
ions and thusisused to shield theoxidelayer from conta 
mination. Holes are cut into the oxide and nitride layers 
allowingmetallic contact to the source and drain. Then, 
the gate metal area isoverlayed ontheinsulation, covering 
the entirechannel region and, simultaneously, metal con 
tacts to the drain andsource are made asshown in Figure 
4d. The contact to the metal area covering thechannel is 
the gate terminal. Note that there isnophysical penetra 
tion of the metal through the oxide and nitride into the 
substrate. Since the drain andsource arc isolated bythe 
substrate, any drain-to-source current in the absence of 
gate voltage is extremely low because the structure is 
analogous to two diodes connected back to back. 
The metal area of thegate forms a capacitor with the 
insulatinglayersand thesemiconductor channel. The metal 


area is the top plate; the substrate material and channel 
are the bottom plate. 
For the structure of Figure 4. considera positive gale 
potential (see Figure 5). Positive charges at the metal side 
of the metal-oxide capacitorinducea corresponding nega 
tive charge at the semiconductor side. 
As the positive 
chargeat thegateisincreased, thenegative charge"induced" 
in the semiconductor increases until the region beneath 
the oxide effectively becomes an n-type semiconductor 
region, and current can flow between drain and source 
through the "induced"' channel. 
In other words, drain 
current flow is "enhanced" by the gate potential. Thus 
drain current flow can be modulated by the gate voltage; 
i.e. the channel resistance is directly related to the gate 
voltage. The n-channel structure maybe changed to a p- 
channel device by reversing the material types. 
An equivalent circuit for the MOSFET is shown in 
Figure 6. Here. Cg(cn) is the distributed gate-to-channel 
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FIGURE 3 - Junction FET with Single-Ended Geometry 
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FIGURE 4 - Development of Enhancement-Mode 
N-Channel MOSFET 
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FIGURE 5 —Channel Enhancement. Application 
of Positive Gate Voltage Causes Redistribution of 
Minority Carriors in the Substrate and Results in 
the Formation of a Conductive Channel Betwoen 
Source and Drain 
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capacitance representing the nitride-oxide capacitance. 
Cgs is the gate-source capacitance of the metal gate area 
overlapping thesource, while Cgd isthegate-drain capaci 
tanceof the metalgateareaoverlapping the drain. Cd(sub) 
and Cs(sub) are junction capacitances from drain to sub 
strate and source to substrate. Yfs is the transadmittance 
between drain current and gate-source voltage. The modu 
lated channel resistance is rds- RD anu ^S arc the bulk 


resistances of the drain and source. 
The input resistance of the MOSFET is exceptionally 
high because the gate behavesas a capacitor with very low 
leakage (rjn~ IO'4 SI). Theoutputimpedance isafunction 
of r(js (which is related to the gate voltage) and the drain 
and source bulk resistances (Rrj and Rs). 
To turn the MOSFET "on", the gate-channel capaci 
tance, Cg(ch). and the Miller capacitance. Cgd. must be 
charged. In turning "on", the drain-substrate capacitance. 
Cd(sub)- musl be discharged. The resistance of the sub 
strate determines the peak discharge current for this 
capacitance. 
The FET just described is called an enhancement-type 
MOSFET. A depletion-type MOSFET can be madein the 
following manner: 
Starting with the basic structure of 
Figure 4, a moderate resistivity n-channel is diffused 
between the source and drain so that drain current can 
flow when the gate potential is at zero volts(Figure 7). 
In this manner, the MOSFET can be made to exhibit deple 
tion characteristics. For positive gate voltages, the structure 
enhances in the same manner as the device of Figure 4. 
With negative gate voltage, the enhancement process is 
reversed and the channel begins to deplete of carriers as 
seen in Figure 8. 
As with the JFET. drain-current How 
depletes the channel area nearest the drain first. 
Thestructureof Figure 7. therefore,isboth adepletion- 
mode and an enhancement-mode device. 


MODES OF OPERATION 
Therearetwobasicmodesof operationof FET*s - deple 
tion and enhancement. 
Depletion mode, as previously 
mentioned, refers to the decrease of carriers in the channel 
dueto variation in gatevoltage. Enhancement mode refers 
to the increase of carriers in the channel due to application 
of gate voltage. A third type of FET that can operatein 
both the depletion and the enhancement modes hasalso 


been described. 
The basic differences between these modes can most 
easily be understood by examining the transfer character 
istics of Figure 9. The depletion-mode device has con 
siderable drain-current flow for zero gate voltage. 
Drain 
current is reduced by applying a reverse voltage to the 
gate terminal. The depletion-type FET is not character 
ized with forward gate voltage. 
The depletion/enhancement mode type device alsohas 
considerable drain current with zero gate voltage. This 
type device is definedin the forward region and mayhave 
usable forward characteristics for quite large gate voltages. 
Notice that for the junction FET. drain current may be 
enhanced by forward gate voltage only until the gate- 


source p-njunctionbecomes forward biased. 
The third type of FET operates only in the enhance 
ment mode. This FET has extremely low drain current 
flow 
for zero gate-source voltage. 
Drain 
current con 
duction occurs 
for a Vrjs greater than some threshold 
value, VGS(th)- Forgate voltages greater than the thresh 
old, the transfer characteristics are similar to the depletion/ 


enhancement mode FET. 
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FIGURE 6 —Equivalent Circuit of Enhancement- 
Mode MOSFET 
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FIGURE 7-Depletion Mode MOSFET Structure. 
This Type of Device may be Designed to Operate 
in Both the Enhancement and Depletion Modes 
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FIGURE 8 - 
Channel Depletion Phenomenon. 
Application of Negative Gate Voltage Causes Re 
distribution 
of 
Minority 
Carriers 
in 
Diffused 
Channol and Reduces Effective ChannelThickness. 
This Results in Increased Channol Resistance 
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FIGURE 9 - Transfer Characteristics and Associated Scope Traces for the Three FET Typos 


ELECTRICAL CHARACTERISTICS 


Because the basic mode of operation for field-effect 
devices differsgreatly from that of conventionaljunction 
transistors, the terminology and specifications are neces 
sarily different. 
An understanding of FET terminology 
and characteristicsare necessaryto evaluate their compara 
tive merits from data-sheel specifications. 


Static Characteristics 
Static characteristics define the operation of an active 
device under the influence of applied dc operatingcondi 
tions. 
Of primary interest are those specifications that 
indicate the effect of a control signal on the output current. 
The Vq^-Iq transfer characteristics curves are illustrated 
in Figure 9 for the three types of FETs. Figure 10 lists 
the data-sheelspecificationsnormallyemployed to describe 
these curves, as well as the test circuits that yield the 
indicated specifications. 
Of additional interest is the special case of tetrode- 
connected devices in which the two gates are separately 


accessible for the application of a control signal. 
The 
pertinent specifications for a junction tetrode are those 
which define drain-current cutoff when one of the gates is 
connected to the source and the biasvoltage is applied to 
thesecond gate. These areusually specified asVq|S(off)' 
Gate 1 
source cutoff voltage (with Gate 2 connected to 
source), and VG2S(oft> Gate 2 - source cutoff voltage 
(with Gate 1 connected to source). The gate voltage re 
quired for drain current cutoff with one of the gates con 
nected to the source is always higher than that for the 
triodc-connectedcasewhereboth gatesare tied together. 
Reach-through voltage is another specification uniquely 
applicable io tetrode-connected devices. 
This defines the 
amount of difference vollage that may be applied to the 
two gates before the depletion region of one spreads into 
Ihe junction of the other - causing an increase in gate 
current to some small specified value. 
Obviously, reach- 
through is an undesirable condition since it causes a de 
crease in input resistance as a result of an increased gate 
currenl. and large amounts of reach-through current can 
destroy the FET. 
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Gate Leakage Current 
Of interest to circuit designers is the input resistance 
of an active component. 
For FETs, this characteristic is 
specified in the form of IqSS _ the reverse-bias gate-to- 
source current with the drain shorted to the source (Fig 
ure 11). As might be expected, becausethe leakage current 
across areverse-biased p-njunction(in the case of aJFET) 
andacross a capacitor (in the case of a MOSFET) isvery 
small,the input resistance isextremely high. At a tempera 
ture of 25°C, the JFET input resistance is hundreds of 
megohms while that of a MOSFET is even greater. For 
junction devices, however, input resistance may decrease 
by several orders of magnitude astemperature israised to 
150°C. 
Such devices, therefore, have gate-leakage current 
specified at two temperatures. 
Insulated-gate FETs are 
notdrasticallyaffectedbytemperature,andtheirinputresist- 
anceremainsextremely higheven atelevated temperatures. 
Gate leakage current may also be specified as IGDO 
(leakage betweengate anddrain with the source open),or 
as IGSO (leakage betweengate and source with the drain 
open). Theseusually resultin lower values of leakage cur 
rentanddo not represent worst-case conditions. TheiQSS 
specification, therefore,is usuallypreferred by the user. 


Voltage Breakdown 
A variety of specifications can be used to indicate the 
maximum voltage that may be appliedto variouselements 
of a FET. Among those in common usearethe following: 


V(BR.)GSS =Gate-to-source breakdown voltage 
v(BR)DGO =Drain-to-gate breakdown voltage 
V(BR)DSX =Drain-to-source breakdown voltage 
(normallyusedonly for MOSFETs) 


Inaddition,there may beratings and specifications indi 
cating themaximum voltages thatmaybeapplied between 
the individual gates andthe drain andsource (for tetrode- 
connected devices). Obviously, not allof thesespecifica 
tions are found on every data sheet sincesome of them 
provide thesame information insomewhat different form. 
By understanding the various breakdown mechanisms, 
however, the reader should be able to interpret the intent 
of each specification andrating. For example: 
In junction FETs, the maximum voltage thatmay be 
applied between any two terminals is the lowest voltage 
that will lead to breakdown or avalanche of the gate junc 
tion. Tomeasure V(BR)GSS (Figure 12a), an increasingly 
higher reverse voltage is applied between thegate andthe 
source. 
Junction breakdown is indicated by an increase 
in gate current (beyond IgSS) which signals the beginning 
of avalanche. 
Some reflection will reveal that for junction FETs, the 
V(BR)DGO specification really provides the same informa 
tion as V(BR)GSS- ^0T this measurement, an increasing 
voltage is applied between drain andgate. When thisap 
pliedvoltage becomes high enough, thedrain-gate junction 
will go into avalanche, indicated either by a significant 
increase in drain current or by an increasein gate current 


(beyond IDGO)- 
For both V(BR)DGO and V(BR)GSS 
specifications, breakdown should normally occur at the 
same voltage value. 
FromFigure 2 it isseenthatavalanche occursata lower 
value of Vds when the gate is reverse biased than forthe 
zero-bias condition. 
This is caused by the fact that the 
reverse-bias gatevoltage addsto the drain voltage,thereby 
increasing the effective voltage across the junction. The 
maximum amount of drain-sourcevoltage that may be ap 
plied VDS(max) is- therefore, equal toV(BR)DGO minus 
Vgs. which indicates avalanche with reverse bias gate 
voltage applied. 
For MOSFETs, the breakdown mechanism is somewhat 
different. Consider, for example, the enhancement-mode 
structure of Figure 5. Here, the gate iscompletelyinsulated 
from the drain, source, and channel by an oxide-nitride 
layer. Thebreakdown voltage between the gate andanyof 
the other elements, therefore, is dependent on the thick 
nessand purity of this insulating layer,andrepresents the 
voltage that will physically puncture the layer. Conse 
quently,the voltage must be specified separately. 
The drain-to-source breakdown is a different matter. 
For enhancement mode devices, with the gate connected 
to the source (the cutoff condition) and the substrate 
floating, there is no effective channel between drain and 
source and the applied drain-source voltage appears 
across two opposed series diodes, represented by the 
source-to-substrate and substrate-to-drain junctions. Drain 
current remains at a very low level (picoamperes) as 
drain voltage is increased until the drain voltage reaches a 
value that causes reverse (avalanche) breakdown of the 
diodes. 
This 
particular 
condition, 
represented 
by 
V(BR)DSS. is indicated by an increase in Id above the 
IDSSlevel,asshownin Figure 12b. 
For 
depletion/enhancement 
mode 
devices, 
the 
V(BR)DSS symbol is sometimes replaced by V(BR) 
DSX- Note that the principal differencebetween the two 
symbols is the replacement of the lastsubscript s with the 
subscript x. Whereas the snormally indicates that the gate 
is shorted to the source, the x indicates that the gate is 
biased to cutoff or beyond. To achieve cutoff in these 
devices, a depleting bias voltage must be applied to the 
gate, Figure 12b. 
An important static characteristic for switching FETs 
isthe"on"drain-source voltage Vos(on)- This character 
istic forthe MOSFETsis a function ofVgs. and resembles 
the VcE(sat) versus Ifi characteristics of junction tran 
sistors. 
The curve for these characteristics can be used as 
a design guide to determine the minimum gate voltage 
necessary to achieve a specified output logic level. 


Dynamic Characteristics 
Unlike the static characteristics, the dynamic character 
istics of field-effect transistors apply equally to all FETs. 
The conditions and presentation of the dynamic charac 
teristics, however, depend largely upon the intended 
application. 
For example, the following table indicates 
the dynamic characteristics neededto adequatelydescribe 
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Figure 12a- V(br)qss Tert Circuit 


FIGURE 11- Test Circuit for Leakage Current 


FIGURE 12b- V(BR)DSS andV(BR)DSXTestCircuit 
(Usually Usedfor MOSFETs Only). 
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a FET for various applications. 
yfs 
The forwardtransadmittanceisa key dynamic char 
acteristic for field-effect transistors. 
It serves as a basic 
design parameter in audio and rf circuits and is a widely 
accepted figureof merit for devices. 


Because field-effect transistors have many characteristics 
similar to those of vacuum tubes, and because many en 
gineers still are more comfortable with tube parameters, 
the symbol gm used for tube transconductance is often 
specified instead of yfs. To further confuse things, the 
"g" school also uses a variety of subscripts. In addition 
to gm,somedatasheetsshowgfswhileothersevenshowg2i. 
Regardless of the symbol used, yfs definesthe relation 
betweenaninputsignalvoltageandanoutput signal current: 


yfs = AIo/AVGS 
VDS = K 


The unit is the mho - current divided by voltage. Fig 
ure 13isa typical yfs test circuit forajunction FET. 
As acharacteristic of all field-effect devices, yfs is speci 
fied at 1kHzwithaVqs the same asthat forwhichlD(on) 
or IqSS ischaracterized. Since yfs hasboth realand imag 
inarycomponents,but is dominatedby the real component 
at low frequency, the 1 kHz characteristic is given as an 
absolute magnitude and indicated as lyfs|. 
It isinterestingto note that yfs varies considerably with 
IDdueto nonlinearityin the lD_vGS characteristics. This 
variation, for a typical n-channel, JFET is illustrated 
in Figure 14. Obviously, the operatingpoint must be care 
fully selectedto provide the desiredyfs andsignal swing. 


For tetrode-connected FETs, three yfs measurements 
are usually specified on data-sheet tables. One of these, 
with the two gatestied together, provides a yfs value for 
the condition wherea signal is appliedto both gatessimul 
taneously; the others provide the yfs for the two gates 
individually. Generally, with the two gatestied together, 
yfs ishigherandmoregain may berealized inagivencircuit. 
Because of the increasedcapacitance, however,gain-band 
width product is much lower. 
For Tf field-effect transistors, an additional value of yfs 
is sometimesspecified at or nearthe highestfrequency of 
operation. This valueshouldalsobe measured at the same 
voltage conditions asthose used for iD(on) orIDSS- Be 
cause of the importance of the imaginarycomponent at 
radio frequencies, the high-frequency yfs specification 
should be a complex representation,and should be given 


either in the specifications table or by means ofcurves show 
ing typical variations,asin Figure15forthe MPF102JFET. 
The real portion of this high-frequency yfs, Re (yfs) or 
G21, is usually considered a significant figure of merit. 
yos 
Another FET parameter that offers a direct vacuum 
tube analogy is yos, the output admittance: 


yos = AlD/AVDS 
vGs = k 


In thiscase, the analogous tube parameter is rp - i.e., 
yos = l/rp- Fof depletion mode devices, y0s ismeasured 
with gate and source grounded (see Figure 16). For 
enhancement mode units, it is measured at some specified 
Vgs tnat permits substantial drain-current flow. 
As with yfs, many expressions are used for yQs- 
In 
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FIGURE 13 - Typical yf, Test Circuit 
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FIGURE 14 — Forward Transfer Admittance versus 
Drain Current for Typical JFETs 
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addition to the obvious parallels such as y22. 6os> ar*d g22. 
it is also sometimes specified as rd, where rd = 1/yos- 
Voltages and frequencies for measuring yos should be 
exactly the same as those for measuring yfs. Like yfs, it is 
a complex number and should be specified as a magnitude 
at 1 kHz and in complex form at high frequencies. 
fl 
Closely related to yos and yfs is the amplification 
factor, it: 


fi= AVds/AVgs 
lD = K 


The amplification factor does not appearon the field- 
effect transistorregistration format but can be calculated 
asyfs/yos- For most small-signal applications, fihaslittle 
circuit.significance. It does, however, serve as a general 
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FIGURE 15 — Forward Transfer Admittance 
versus Frequency 
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FIGURE 16 - yM Measurement Circuit for 
Depletion FETs' 


indication of the quality of the field-effect manufacturing 


process. 


C^ 
The common-source-circuit input capacitance, Cjss, 
takes the place of yjs in low-frequency field-effect tran 
sistors. This is because yjs is entirely capacitive at low fre 
quencies. 
CiSS is conveniently measured in the circuit of 
Figure17 for the tetrode JFET. As with yfs, two measure 
ments are necessary for tetrode-connected devices. 


At very high frequencies, the real component of yjs 
becomes important so that rf field-effect transistors should 
have yjs specified asa complex number at the same condi 
tions as other high-frequency parameters. 
For tetrode- 
connected rf FETs, reading of both Gate 2 to source and 
Gate 1 tied to Gate 2 are necessary. 
In switching applications Cjss is of major importance 
since a large voltage swing at the gate must appear across 
Cjss. Thus, Ciss must be charged by the input voltage 
before turn-on effectively begins. 


Cfss 
Reverse transfer admittance (yrs) does not appear on 
FET data sheets. Instead Crss, the reverse transfer capa 
citance, is specified at low frequency. Since yrs for a field- 
effect transistor remainsalmost completely capacitive and 
relatively constant over the entire usable FET frequency 
spectrum, the low-frequency capacitance is an adequate 
specification. Crss is measured by the circuit of Figure 18. 
For tetrode FETs, values should be specified for Gate 1 
and for both gates tied together. 
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FIGURE17 - Cjf, Measurement Circuit 


MOTOROLA RF DEVICE DATA 


7-13 


AN211A 


Again, for switching applications Crss is a critical char 
acteristic. 
Similar to the C0b of a junction transistor, 
Crss must be charged and discharged during the switching 
interval. 
For a chopper application, Crss is the feed- 
through capacitance for the chopper drive. 


Ql(sub) 
F°rtheMOSFET, thedrain-substrate junction 
capacitance becomes an important characteristic affecting 
the switching behavior. Cd(sub) appears in parallel with 
the load in a switching circuit and must be charged and 
discharged between the two logic levels during the switch 
ing interval. 


Noise Figure(NF) 
Like all other active components, 
field-effect transistorsgenerate a certainamount of noise. 
The noise figure for field-effect transistorsis normally spe 
cified on the data sheet as "spot noise", referring to the 
noise at a particular frequency. The noise figure willvary 
with frequency and also with the resistance at the input 
of the device. Typical graphs of such variationsareillus 
trated in Figure 19 for the 2NS4S8. From graphs of this 
kind the designer can anticipate the noise level inherent 
in his design. 


rds(on) 
Channel resistance describes the bulk resistance 
of the channel in series with the drain and source. From 
an applications standpoint, it is important primarily for 
switchingand chopper circuits since it affects the switch 
ing speed and determines the output level. To complete 
the confusion of multiple symbols for FET parameters, 
channel resistance is sometimes indicated as rd(on) and 
alsoasros and rds- In eithercase,however.it is measured, 
for JFETs, by tying the gates to the source, setting all 
terminals equal to 0 Vdc, andapplyinganacvoltage from 
drain to source(see Figure 20). The magnitude of the ac 
voltage should be kept low so that therewillbe no pinch- 
off in the channel. Insulated-gate FETs may be measured 
with dc gatebiasin the enhancement mode. 


APPLICATIONS 


Device Selection 
Obviously, different applications call for special em 
phasis on specific characteristics so that a simple figure of 
merit that compares devices for all potential uses would 
be hard to formulate. Nevertheless, an attempt to pinpoint 
the characteristics that are most significant for various ap 
plicationshas been made* to permit a rapid, first-order 
evaluation of competitive devices. 
The most important single FET parameter, one that 
applies for any amplifierapplication, is yfs. This param 
eter, orone of its many variations,is specified on most data 


•Christiansen, Donald, "Semiconductors: The New Figures 
of Merit," EEE, October, 1965. 
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FIGURE 18 - Recommended CmTest Circuit 
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FIGURE 19 - Typical Variations of FET Noise Figure 
with Frequency and Source Resistance 


FIGURE 20 - Circuit for Measuring JFET Channel Resistance 
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sheets, yet some evaluation is required to come up with a 
reasonable comparison. 
For example, in the table of 
electrical characteristics on most JFET data sheets, yfs is 
specified at IqsS C^GS = 0) where, for JFETs devices, 
yfs is maximum. 
This is illustrated in Figure 14, where 
typical variations of yfs as a function of Id are plotted. 
For some small-signal applications, the IqsS (VGS = °) 
point can actually be used as a dc operating point because 
small-signal excursions into the forward bias region will 
not actually cause the gate-source junction to become 
forward-biased. However, in most practicaluses, some bias 
is necessary to allow for the anticipated signal swing; and 
it must be recognized the yfs goes down as the bias is 


increased. 


It is seen, also, that maximum yfs increases as IqSS 
increases so that, where maximum yfs is important, a de 
vicewith ahigh IqSS specification is normallydesirable. 


On the other hand, where power dissipation is a factor 
to be considered, the figure of merit yfs/VGS(off) iDSS 
has been proposed. This term factors in not only IDSS. 
which should be low if powerdissipation isto be low, but 
also Vcs(off)> which indicates maximum input voltage 
swing. 
Since the signal peaks are represented by Vgs = 
VGS(off) and Vgs =0, the lower Vcs(off). tne higher 
the figure of merit. And, for amplifier applications re 
quiringalarge signal swing, V(BR)GSS/vGS(off) (assuming 
that Vcs(off) istne "p'ncn-°ff" voltage) is asatisfactory 
merit figure becauseit indicates the ratio of maximum and 
minimum drain voltages. 


Forhigh-frequency circuits, the input capacitance (Cjss) 


FIGURE 21 - RF Stage of Broadcast Auto Radio 


and the Miller-effectcapacitance(Crss) become important, 
so yfs/(Ciss+CrSs) indicatesa relative measureof device 
performance. Forswitchingand chopper circuits,a figure 
of merit is not often useful. Here the magnitudes of Cjss, 
Crss, Q(sub) and T(js are of primary interest. 


Circuits 
The types ofcircuitsthat canutilize FETs arepractically 
unlimited. In fact, many circuits designed to utilize small- 
signal pentode tubes can utilize FETs with only minor 
modifications. Forexample, the circuit in Figure 21 shows 
a typical rf stage for a broadcast-band auto radio. In this 
circuit, a MPF102 n-channelJFET has replaced the 12BL6 
pentode normally employed. 
The specifications for the 
two devices, including the AGC characteristics,are similar 
enough to perform adequately in the circuit of Figure 21. 
In an audio application, a field-effect transistor such as 
the 2N5460 can be combined with a high voltage bipolar 
transistorto make asimpleline-operated phonograph ampli 
fier such as that shown in Figure 22. The ceramic pickup 
is connected through a potentiometer volume control to 
the field-effect transistor. 
Collector current of the tran 
sistor, in turn, is set by the potentiometer in the source of 
the FET. 
With the proper bipolar output transistor, the 
circuit can be driven directly from the rectified line volt 
age,while the low voltage for the FET can be derived from 
a voltage divider in the power supply line. 


FIGURE 22 — Line Operated Phono Amplifiers 
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Figure 23 shows three basic chopper circuits. The ad 
vantage of the more complex series-shunt circuit (24c) is 
that it balances out the leakage currents of the FETs in 
order to reduce voltage error and is used to attain high 
chopping frequencies. 
From an applications standpoint, 
the FET circuit is superior to a junction transistor circuit 
in that there is no offset voltage with the FET turned on. 
On 
the minus side, however, the 
field-effect-transistor 
chopper generally has a higher series resistance (rds(on)) 
than the junction transistor. 


til SERIESCHOPPER CtKtnt 


rW———^- 
^0,2(P) 
©«. ««@__ 


ft) mum CHOPPER 


As newer and better FETs are introduced and as a larger 
number of designers learn to use them, the rangeof appli 
cations of FETs should broaden considerably. 


With its high input impedance, the field-effect transistor 
will play an important role in input circuitry for instru 
mentation and audio applications where low-impedance 
junctiontransistors havegenerally been leastsuccessful. 


(cISEHEMKUHT CHOPPER 


Figure 23 - FET Chopper Circuits 


Circuit diagrams external to Motorola products aro Included asa means of Illustrating typical semiconductor applications; consequently, 
eomploto Information sufficient for construction purpose* is not necessarily given. The Information Inthis Application Note has been care 
fully checked andIsbelloved to beentirelyreliable. Howovor, no responsibility isassumed for Inaccuracies. Furthermore, suchinformation 
does not convoy to tho purchasorof the semiconductor devicesdescribedany license under tho patent rights of Motorola Inc. or others. 
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RF SMALL SIGNAL DESIGN 
USING TWO-PORT PARAMETERS 
Prepared by: 
Roy Hejhall 


INTRODUCTION 


Design of the solid-state, small-signal RF amplifier 
using two-port parameters is a systematic, mathematical 
procedure, with an exact solution (free from approxima 
tion) available for the complete design problem. The only 
sources of error 
in 
the 
final design are parameter 
variations resulting from transistor parameter distributions 
and strays in the physical circuit. Parameter distributions 
result from limits in measurement and random variations 
among identically designed transistors. 
The purpose of tills paper is to provide, in a single 
working reference, the important relationships necessary 
for the complete solution of the RF small-signal design 
problem using two-port parameters. 
The 
major portion 
of the report 
presents design 
equations in terms of admittance parameters. A section on 
design with scattering parameters is also included. 
This paper is based on work by Linvill', Stcrn2, and 
others. Those who may wish to consider the derivations of 
some of the expressions should refer to the bibliography. 
This report assumes that the reader is familiar with the 
two-port parameter method of describing a linear active 
network. Several 
references are 
available on 
this sub- 
ject.l.2,6,8,ll,l2 


It has also been assumed that a suitable transistor or 
other active device for the task at hand has been selected, 
and 
that 
two-port 
parameters 
are 
available 
for 
the 
frequency and bias point which will be used. Device 
selection will not be covered as a separate topic in this 
report; rather, a thorough understanding of the material in 
the report should provide the designer with the tools he 
needs to select transistors for a particular small-signal 
application. 
The equations given in the text of this report are 
applicable 
to 
the 
common-emitter, common-base, or 
common-collector configuration, if the applicable set of 
parameters (common-emitter, common-base, or common- 
collector parameters) is used. Equations for the conver 
sion of the admittance or hybrid parameters of any 
configuration to either of the other two configurations of 
the same parameter set are given in the appendix. 
While directed primarily toward circuit design with 
conventional bipolar transistors, two-port network theory 
has the advantage of being applicable to any linear active 
network (LAN).The same design approachand equations 
may therefore be used with field effect transistors7»'• 
integrated circuits'0, or any other device which may be 


described as a linear active two-port network. 
Finally, various parameter interrelationships and other 
data are given in the Appendix. 


GENERAL DESIGN CONSIDERATIONS 


Design of the RF small-signal tuned amplifier is usually 
based on a requirement for a specified power gain at a 
given frequency. Other design goals may include band 
width, stability, input-output isolation, and low noise 
performance. After a basic circuit type is selected, the 
applicable design equations can be solved. 
Circuits may be categorized according to feedback 
(neutralization, unilateralization, or no feedback), and 
matching 
at 
transistor 
terminals 
(circuit 
admittances 
either matched or mismatched to transistor input and 
output admittances). 
Each of these circuit categories will 
be discussed, including the applicable design equations 
and the considerations leading to the selection of a 
particular configuration. 


STABILITY 


A major factor in the overall design is the potential 
stability of the transistor. This may be determined by 
computing the Linvill stability factor! C using the 
followingexpression:! 


|y12 y2l| 


2gn «„ - .r* (y12r21) 


When C is less than l, the transistor is unconditionally 
stable. 
When C is greater 
than 
l, 
the 
transistor is 
potentially unstable. 
The C factor is a test for stability under a hypothetical 
worst case condition; that is, with both input and output 
transistor terminals 
open 
circuited. 
With no external 
feedback, an unconditionally stable transistor will not 
oscillate with any combination of source and load. If a 
transistor is potentially unstable, certain source and load 
combinations will produce oscillations. 
Although the C factor may be used to determine the 
potential stability of a transistor, the conditions of open 
circuited source and load which are assumed in 
the C 
factor test are not applicable to a practical amplifier. 


tRe(Yl2Y2i) = Real part of (Yi2Y2i) 
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Consequently it is also desirable to compute the relative 
stability of actual amplifier circuits, and Stern2 has 
defined a stability factor k for this purpose. The k factor 
is similar to the C factor except that it also takes into 
account finite source and load admittances connected to 
the transistor.The expression for k is: 


|y12y2l| ' Re '"l^l' 


If k is greaterthan one, the circuit will be stable. If k is 
less than one, the circuit will be potentially unstable and 
will very likely oscillate at some frequency. 
Note 
that the C factor simply 
predicts potential 
stability of a transistor with an open circuited source and 
load, while the k factor provides a stability computation 
for a specific circuit. 
Stability considerations will be discussed further in the 
descriptions ofeach basiccircuit type to follow. 


GENERAL DESIGN EQUATIONS 


There are a number of design equations which are 
applicable to most types of amplifiers. These equations 
will be discussed first. Descriptions of specific amplifier 
types will then follow, and each will contain additional 
design equations applicable to that particular amplifier. 


POWER GAIN 


The general expression for power gain is: 


|YL'y22|2 »*<yn "-^V 
1 
' 
y22 
rL 


Equation 3 applies to circuits with no external feed 
back. It can also be used with circuits which have external 
feedback if the composite y parameters of both the 
transistor and the feedback network are substituted for 
the transistor y parameters in the equation. The com 
posite y parameters are determined by considering the 
transistor and the 
feedback network to be two "black 
boxes" in parallel: 


r 
~l 


Feedback 
Network 
I 
1 
1 
I 


Now 
| "Black 
j Box" 


1 
1 
1 
I 
n 
1 i 


Transistor 
° 
1 l 
1 
o 
' 


"* 
1 
1 


1 
°" 
11 
1 


Forexample, the above combination of transistor and 


feedback network may be characterized as a single "black 
box" by the following equations:! 


'lie 
'111 
'111 


yl2c * y12t * yia 


y21C" y21l * y2H 


y22c " y22t * y22l 


Where: 
yi lc> y I2c< y21c> y22c are the composite y parameters 
of the parallel combination of transistor and feedback 
network. 
yilt- yi2t> y21t- v22t are the y parameters of the 
transistor. 
y11f, y12f. y2lf> y22f are ,ne y parameters of the 
feedback network. 
Note that, since this approach treats the transistor and 
feedback network combination as a single "black box" 
with y| lc yi2c y21c a"d y22c as its y parameters, the 
composite y parameters may therefore be substituted in 
any of the design equations applicable to a linear, active 
two-port analysis. 
The neutralized and unilateralized amplifiers are special 
cases of this general concept, and equations associated 
with those special cases will be given later. 
Equation 3 provides a solution for power gain of the 
linear active network (transistor) only. Input and output 
networks areconsidered to be part of the source and load, 
respectively. Two important points should therefore be 
kept in mind: 
(1) 
Power gain computed from equation 3 will not 
take into account network losses. Input network 
loss reduces power delivered to the transistor. 
Power lost in the output network is computed as 
useful power output, since the load admittance 
Yl is the combination of the output network 


and its load. 
(2) 
Power gain is independent of source admittance. 
An input mismatch results in less input power 
being delivered to the transistor. Accordingly, 
note that equation 3 does not contain the term 
Ys- 
The 
power gain of a transistor together with its 
associated input and output networks may be computed 
by measuring the input and output network losses, and 
subtracting them from the power gain computed with 
equation 3. 
In some cases it may be desirable to include the effects 
of input matching in power gain computations. A con 
venient term is transducer gain Gt, defined as output 
power delivered to a load by the transistor, divided by the 


t Refer 
to 
Seshu and Balabanian, "Linear 
Network 
Analysis,"John Wileyand Sons, 1959, P321 


MOTOROLA RF DEVICE DATA 


7-18 


AN215A 


maximum input power available from the source. 
The equation for transducer gain is: 


4 Re (Yt) Re (YL) |yj,| 


|(yn • v.) (y„ • vL) - ,,2y21| 


In this equation, Yl is the composite transistor load 
admittance-composed of both output network and its 
load, and Ys is the composite transistor source admit 
tance-composed of both input network and its source. 
Therefore, transducer gain includes the effects of the 
degree of admittance 
match at 
the transistor input 
terminalsbut does not take into account input and output 
network losses. 
As in equation 3, the composite y parameters of a 
transistor feedback network combination may be substi 
tuted 
for 
the 
transistor y parameters when such a 
combination is used. 
The Maximum Available Gain MAG is an often used 
transistor figure-of-merit. The MAG is the theoretical 
power 
gain of a transistor 
with 
its reverse transfer 
admittance y>2 set equal to zero, and its source and load 
admittances conjugately matched to y \ i and y22, respec 
tively. 
If y \2 - 0, the transistor exhibits an input admittance 
equal to y11 and an output admittance equal to y22.t 
The equation for MAG is, therefore, obtained by solving 
the general power gain expression, equation 3, with the 
conditions 


yL ' y22 


ana y 
• y.. 


where * denotes conjugate 


which yields: 


A Re (y,,) Re (yjj) 


MAG is a figure of merit only, since it is physically 
impossible to reduce yj2 to zero without changing the 
other parameters of the transistor. An external feedback 
network may be used to achieve a composite yj2 of zero, 
but then the other composite parameters will also be 
modified according 
to 
the 
relationships given in the 
discussion of the composite transistor - 
feedback net 
work "black box." 


fObtained by solvingthe equations for transistor Y|N and 
YfjUT w>th y]2 equal to zero. Theseequations are given 
later in the report. 


CASCADED LAN'S 


Design calculations for cascaded LAN's may be per 
formed by first computing composite two-port parameters 
as wasdone in the case of the parallel LAN's. 
For the following cascaded LAN's 


I 
I 
Vc 


• 
New 
J "Black 
1 Box" 


Va 
Vb 
I 


n 
I 
| 


I 
I 
J 


The composite y parameters are: 


lie " ylla 
y12ay21a 
y22a * yUb 


22c * 


21c " 


y22b 
y12by21b 
y22a*yllb 


y21ay2lb 
y22a *yllb 


m 
y12a y12b 


where ync, y22c, y2ic, yi2c are the composite y 
parameters of the cascaded LAN's. 


TRANSISTOR INPUT AND OUTPUT ADMITTANCES 


The expression for the input admittance of a transistor 


The expression for the output admittance of a tran 


sistor is: 


y12 y2l 


When the feedback parameter yj2 is not zero, Y«n is 
dependent on load admittance and YoUT is dependent on 
source admittance. 


AMPLIFIER STABILITY 


One of the major considerations in RF amplifier design 
is stability. The stability of a final design can be assured 
by includingstability computations and consideringstabil 
ity 
in all design decisions relating to feedback and 
transistor source and load admittances. 
The potential stability of the transistor should first be 
computed using equation 1. 
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The various alternatives concerning input - output 
matching and neutralization - unilateralization will now 
be discussed for both the unconditionally stable transistor 
and the potentially unstable transistor. 


THE UNCONDITIONALLY STABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined by equation 1is less than one, the transistoris 
unconditionally stable. Oscillations will not occur using 
any combination of source and load admittances without 
external feedback. Stability is therefore eliminated as a 
factor in the remainder of the design, and complete 
freedom is possible with regard to matchingandneutrali 
zation to optimize the amplifier for other performance 
requirements. 


AMPLIFIERS WITHOUT FEEDBACK 


The amplifier with no feedback is a logical choice for 
the unconditionally stable transistor in many applications 
since it may offer the advantages of fewer components 
and a simple tuning procedure. 
Source and load admittances may be selected for 
maximum gain and/or any numberof other requirements. 
Power gain and transducer gain may be computedusing 
equations 3 and 5, respectively; input and output admit 
tances may be computed using equations 8 and 9, 
respectively. 
The amplifier stability factor may be computed using 
equation 2. While amplifier stability was assured from the 
beginning by the use of an unconditionally stable tran 
sistor, the designer 
may still wish to perform this 
computation to provide some insight into danger of 
instability under adverseenvironmental conditions, source 
and load variations, etc. 


Gmax. the highest transducer gain possible without 
external feedback, forms a specialcase of the no feedback 
amplifier. 
The source and load admittances required to achieve 
Gmax may be computed from the following: 


C. ' 1Re (,„) 
I2R' "ll> R* ''22' " R' ''12*21' 12• |y12»2l| 2 
(10) 


B, • 
- Imfr,,) 
2 R.(rM) 


\' 1!»(>„) 
11*"• !»„> *• iy„>•R« <yi2y2i» I*•I'ii'jil| 
" 


•raft,,,,,,) 
BL. 
- 
Irohr,,) . 
2 Rely,,) 


Therefore, if the maximum possible power pin with 
out feedback is desired for an amplifier, equations 10, 11 
12, and 13 are used to compute Ys and Yj_. 


The magnitude of Gmax may be computed from the 
following expressions: 


Lr»!_ 
j 
..' (M) 
2R<-(jr,|IRe(yj2>-R.(r,Jyjl). ^RflHnlRelYjjl-Reljrur,,)!2- Iri^l]2 


Equations 10, II, 12, and 13 can be obtained by 
differentiating equation 5 with respect to Gs, Bs,Gl, and 
Bl, and setting the four derivativesequal to zero. The Gs, 
Bs, Gl, and Bl thus computed can then be substituted in 
equation 5 to obtain the expression for Gmax< equation 
14. 


THE LINVILL METHOD 
The amplifier without feedback design problem may 
also be solved graphically using a technique developed by 
J. G. Linvill.f 
Linvill's technique is very useful for a 
certain class of problems. Since it is so fully discussed in 
many good references,we will not go into it further here. 
An advantage of the Linvill technique is that it providesa 
reasonably rapid graphic solution relating gain, band 
width, and stability. A disadvantage is its scope of 
usefulness, since the standardLinvill solution appliesonly 
to an amplifier with no external feedback and the Ys 
conjugately matched to the transistor input admittance, 
Y|N- 


THE UNILATERALIZED AMPLIFIER 


Unilateralization consists of employing an external 
feedback network to achievea composite yj2 of zero. 
While unilateralization is perhaps most often used to 
achieve stability with a potentially unstable transistor, 
other circuit considerations may also warrant the use of 
unilateralization with 
the 
unconditionally stable 
tran 
sistor. For example, the input-output isolation afforded 
by unilateralization may be desirable in a particular 
design. 
Design equations for the unilateralized case are ob 
tained by first computing the composite y parameters of 
the transistor - 
feedback network combination and then 
substituting 
the composite 
parameters in the general 
equations. 
Referring to the discussion on composite y parameters 
and setting up the basic condition that yi2c must equal 
zero, the other composite y parameters can be computed. 
Assuming that a passive feedback network is being used, 
then 


yiu'r:a '-'la " "'air 


andatnceyljc - 0, y^, ^,3-0 


""a »,,, • -r,jr 


™*"ia" ''l2« " 'ill ' 'jh • -y2u 


tApplication 
Note 
AN 166 Motorola Semiconductor 
Products, Inc. Dept. TIC, 5005 E. McDowell Road, 
Phoenix, Arizona. See also reference 5 in the bibliog 
raphy. 
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Substituting the above results in equations 4 yields the 
following: 


'lie 
'lit 
'I2t 


y22c " y22t * y12t 


y12c ' y12t * yl21 ' 


y21c " y2H ' yl2l 


Substituting these complete y parameters in equations 
8, 9, 3, 7, and 5 respectively, yields equations 15, 16, 17 
18, and 19 respectively for the unilateralized case. 
Unilateralized input admittance 


Y1N->11->12 
<15> 


Unilateralized output admittance 


YOUT " y22 *y12 
(16) 


Unilateralized power gain, general expression: 


"L 
'22 
'12 


Unilateralized 
power 
gain 
with 
Yl 
conjugately 
matched to YqlTP 


4Re(yu . y,2)Re(y22 • y,2) 


Unilateralized transducer gain: 
4R.IY,) Re(YL) |>2l-y,2| * 


|<"ll *y12 *V (y22 *y12 *V| 


Note that equations 15, 16, 17, 18 and 19, are given 
entirely in terms of the transistor y parameters, not those 
of the feedback network or the composite. 
Another benefit of unilateralization is input - output 
isolation. As can be seen in equations 15 and 16, Y[» is 
completely independent of Yl, and YoUT 's similarly 
independent of Ys. In a practical sense, this means that in 
a singleor multi-stage amplifier using unilateralized stages, 
tuning of any one network will not affect tuning in other 
parts of the circuit. Thus, the troublesome task of having 
to re-peak an entire amplifier following a change in tuning 
at a single point can be eliminated. 


NEUTRALIZATION 


Neutralization consists of employing a feedback net 
work to reduce yj2 to some value other than zero. 
Neutralization is generally used for the same purposes as 
unilateralization, but provides something less than the 
ideal cancellation of the transistor feedback parameter 
which unilateralization achieves. A typical example of 
neutralization might be a feedback network which pro 
vides a composite bi2 of zero while having only a 
negligibleeffect on the transistor g]2. 


The equations for a particular neutralized case would 
be developed in the same manner 
as those for the 
unilateralized case. Since there are an infinite number of 
possibilities,no specific equations will be givenhere. 
This completes the discussion of design with the 
unconditionally stable transistor. The potentially unstable 
transistor will now be considered. 


THE POTENTIALLY UNSTABLE TRANSISTOR 


When the Linvill stability factor of the transistor as 
determined 
by equation 
1 is greater 
than one, the 
transistor is potentially unstable. Certain combinations of 


source and load admittances will cause oscillations if no 
feedback 
is used. 
In 
designing 
with 
the 
potentially 
unstable transistor, steps must be taken to insure that the 
amplifier will be stable. 
Stability is usually achieved by one or both of two 
methods: 
(1) 
Using a feedback network which reduces the 
composite y|2 to a value which insures stability. 
(2) 
Choosing a source and load admittance combina 
tion which provides stability. 
A discussion of these basic methods is given below. 


USING FEEDBACK TO ACHIEVE STABILITY 


Either unilateralization or neutralization may be used 
to 
achieve 
stability. 
If unilateralization 
is used, 
the 
transistor-feedback network combination will be uncon 
ditionally stable. This may be verified by computing the 
Linvillstability factor of the combination. Since y i 2c = 0, 
the numerator in equation I would be zero. 
With stability thus assured, the remainder of the design 
may then be done to satisfy other requirements placed on 
the amplifier. After unilateralization has converted the 
potentially 
unstable 
transistor 
to 
an 
unconditionally 
stable combination, all other aspects of the design arc 


identical to the unilateralized case with the uncondition 
ally stable transistor. Power gains and input and output 
admittances may be computed using equations 15 through 


19. 
If neutralization is used to achieve stability, the Linvill 
stability factor can be used to compute the potential 
stability 
of 
any 
transistor 
- 
neutralization 
network 
combination. Since in this case y]2c f 0, C will have a 


value other than zero. 
After unconditional stability of the transistor-neutrali 
zation network combination has been achieved, the design 
may then be completed by treating the combination as an 
unconditionally stable transistor, and proceeding with the 
case 
of 
the 
unconditionally 
stable 
transistor 
in 
an 
amplifier without 
feedback. Power gains, input 
and 
output admittances, and the circuit stability factor may 
be computed by using the composite parameters of the 
combination in equations 2,3, 5,8, and 9. 


STABILITY WITHOUT FEEDBACK 


A stable design with the potentially unstable transistor 
is possible without external feedback by proper choice of 


MOTOROLA RF DEVICE DATA 


7-21 


AN215A 


souce and load admittances. This can be seen by inspec 
tion of equation 2; Gs and/or Gl can be made large 
enough to yield a stable circuit regardless of the degreeof 
potential instability of the transistor. 
This suggests a relatively simple way to achieve a stable 
design with a potentially unstable transistor. A circuit 
stability factor k is selected, and equation 2 is used to 
arrive at values of Gs and Gl which will provide the 
desired k. In achieving a particularcircuit stability factor, 
the designer may choose any of the following combina 
tions of matching or mismatching of Gs and Gl to the 
transistorinput and output conductances, respectively: 
(1) Gs matched and Gl mismatched 
(2) Gl matched and Gs mismatched 
(3) Both Gs and Gl mismatched 
Often a decision on which combination to use will be 
dictated by other performance requirements or practical 
considerations. 
Once Gs and Gl have been chosen, the remainder of 
the design may be completed 
using the relationships 
which apply to the amplifier without feedback. Power 
gain and input and output admittances may be computed 
using equations 3, 5,8, and 9. 
Although the above procedure may be adequate in 
many cases, a more systematic method of source and load 
admittance determination is desirable for designs which 
demand 
maximum power gain per degree of circuit 
stability. Stern has analyzed this problem and developed 
equations for computing the conductance and susceptance 
of both Ys and Yl for maximum power gain for a 
particular circuit stability factor.2,4 These equations are 
given here: 


°.- J"lWnl »»<ri,rii>1.iplLr .gu 


k[|y12y21| - R<<r„y„>l. J '» 
^ 
2 
N hi 
, 


(O. 
♦ g„) 
Zo 
BS" ]* 11Wl,! 
♦ R"y12y21»| '"" 


<GL . g22) Zo 
Bl" ^k[|»12y21| . R«(y12y21)j 'b22 


(B, - bn)(GL . «„> . <BL ♦ b22) k(L.M)/2(GL . t22) 
Where, 


J 
k (L . M) 


L• I'iVm! 


M • Re(y,jy21) 


DefiningD as the demoninator in equation 5 yields: 


Z* 
fkfl. . M) 
♦ 2M] Z* 
, 
2 
2 
D. 
♦ l 
'- 
. 2NZ \lk{L 
♦ M) 
♦ A* . JT (27) 


(25) 


(26) 


where, 
a. 
5 
. m, 
<"> 


N. hn(yl2y2l)t 
(29) 


and, 


Zo = that real value of Z which results in the smallest 
minimum of D, found by setting, 


•£. 
Z5 . |k(L » M) . 2Nl| Z - 2N Jk(L . M) 
(30) 


equal to zero. 
Computation of Ys and Yl using equations 20 through 
30 is a bit tedious to be done very frequently, and this 
may have discouraged wide usage of the complete Stern 
solution. However, examination of Stern's work suggests 
some interesting shortcuts: 
(A) 
COMPUTATION OF Gs AND Gl ONLY, USING 
EQUATIONS 20 AND 21. If a value equal to 
-b22 is then chosen for Bl, the resultingYl will 
be very close to the true Yl for maximum gain. 
The transistor Yin can tnen be computed from 
Yl using equation 8, and Bs can be set equal to 
-lm(Y|N). 
Computation of Bs and Bl comprise by far 
the more complex portion of the Stern solution. 
This 
alternate method 
therefore 
permits 
the 
designer to closely approximate the exact Stern 
solution 
for Ys 
and Yl while 
avoiding 
that 
portion of the computations which are the most 
complex and time consuming. Further, the cir 
cuit can be designed with tuning adjustments for 
varying Bs and Bl, thereby creating the possi 
bility of experimentally achieving the true Bs and 
Bl for maximum gain as accurately as if all the 
Stern equations had been solved. 
(B) 
MISMATCHING Gs TO gjj AND Gl TO g22 
BY 
AN 
EQUAL 
RATIO YIELDS 
A TRUE 
STERN SOLUTION FOR Gs AND Gl. This can 
be derived from equations 20 and 21, which lead 
to the following result: 


°i. . Gs 
— 
— 
(31) 
B22 
'll 


If a mismatch ratio, R, is defined as follows, 


f22 
*n 


then R may be computed for any particular 
circuit stability factor using the equation: 


Py2|y,a| 
♦ «e(y|2y2,l1 
2g„ sn 
J 


Equation 33 was derived from equation 2 and 
32. Having thus determined R, Gs and Gl can be 
quickly found usingequation32; 
Bs and Bl can then be determined in the 
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manner described above in alternate method (A). 
This alternate method may be advantageous if 
source and load admittances and power gains for 
several different values of k are desired. Once the 
R for a particular k has been determined, the R 
for any other k may be quickly found from the 
equation 


where R\ and R2 are values of R corresponding 
to kj and k2, respectively. 
(C) 
COMPUTER 
DESIGN. The 
complete Stern 
design 
problem 
may be programmed 
into a 
computer. Power gain, circuit stability factor, Ys 
and Yl can be obtained from the computer for 
any value of k. MAG, Gu, and the Linvill 
stability factor of the 
transistor may also be 
included in the program. 
After employing either the complete Stern solution or 
an alternate method 
to obtain 
Ys and Yl for the 
potentially unstable transistor in an amplifier without 
feedback, power gains and input and output admittances 
may be obtained using equations 3,5,8, and 9. 


SENSITIVITY 


In all but the unilateralized amplifier, Yin is a function 
of load admittance. Thus Yin changes with output circuit 
tuning, and this can be troublesome. Consequently, it is 
sometimes desirable to compute the extent of variation of 
Y(N with changes in Yl- A term, sensitivity 5, has been 
defined to provide a measure of this characteristic, and is 
equal to per cent change in Y|N divided by per cent 
change in Yl- The equation for sensitivity is: 


y22 ♦ YL 


where, 


ly22 * 
«22 


•ll »22| 


o . art (-y,2y21> * 


K e'8 . K (cos O. j itnol 


A more complete discussion of sensitivity is given in 
reference 6. 


DESIGN WITH SCATTERING PARAMETERS 


Scattering, or s parameters have greatly increased in 
popularity since the late 1960's, largely due to the 
appearance of sophisticatednew equipment for perform 
ing s parameter measurements. 
A summary of s parameter design equations is given 
below. 
Power gain: 
- 
U,";l'ff 


iS =S11S22"S12S21 


N 
-- S„-DS,„ 


Transducer gain: 


•l,"'-N,> 
l-S11i-)(l-s„r1).s„s„r, i 
"il's 
22 
1/ 
"12"21L 
Si 


Input reflection coefficient: 


11 '» 
»-«MrL 


Output reflection coefficient: 


"22 
"22 
i-s„rc 


Linvill stability factor: 


KC,'-K-lvr-Kl2 


AS =S„S22 - SJ2S21 


Equation 40 which gives K, the reciprocal of C, is 
presented in this form because it is the s parameter 
stability expression most often seen in the literature. K in 
equation 40 must not be confused with Stern stability 
factor k given in equation 2. 
Maximum unneutralized transducer gain, uncondition 
ally stable LAN: 


K = C 


C = Linvill Stability Factor 


Source and load reflection coefficients for a conjugate 
match of the unconditionally stable LAN in an amplifier 
without feedback: 


B, iVB,2 -4|m|2 
L 
zImI2 
J 
B2,vV-4|,f 
L 
M* 
J 
Wh.rfB1.l.|8M|,.|sfflP-|A8|2 


M.S,, -(AS)IS22'1 


N.S22-(AS)(SU') 


A more comprehensive treatment of amplifier design 
with s parameters is given in references 8, 11, and 12. 
One cautionary note is in order. 
Several papers have been published on the subject of 
simplifying the s parameter design procedure by making 
the assumption that the reverse transfer parameter, sj2, is 
equal to zero. This procedure totally ignores the entire 
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problem of amplifier stability. 
Modern high gain solid-state RF devices will readily 
oscillate 
under a wide 
variety of circuit 
conditions. 
Stability problems are encountered even with extremely 
low feedback devices such as Linear IC's and dual gate 
MOSFETS. Therefore, amplifierdesigncalculationswhich 
do not include device and circuit feedback are only an 
approximation 
which 
will yield 
either an 
inaccurate 
solution or possiblyeven an oscillator when the design is 
tested in the laboratory. Reference 13 provides more 
detail on the shortcomings of thisprocedure,including an 
amplifier design example which did turn out to be an 
oscillator. 


SUMMARY OF DESIGN PROCEDURE 


A summary of the amplifier design procedure using 
two-port parameters is given below. 
1. Determine the potential instability of the active 
device. 
2. If the deviceis not unconditionally stable, decide on 
a course of action to insure circuit stability. 
3. Determine whether or not feedback is to be used. 
4. Determine source and load admittances. 
5. Design appropriate networks to provide the desired 
source and load admittances. 


Stability (Steps 1 and 2 above) 


A stability computation for the worst case conditions 
of open circuit source and load is provided by Linvill's 
stability factor C. If the C factor indicates unconditional 
stability, no combination of passive terminations can 
cause oscillations. 
Stability calculations should include the total feedback 
of the amplifier. In the case of extremely low feedback 
devices such as dual gate MOSFET's and Linear IC's, 
external circuit feedback often eclipses the internal device 
feedback. In such a case, the designer should measure the 
external circuit feedback and include it in the design 
calculations. To accomplish this, see the earlier section of 
this note on the composite parameters of two-port LAN's 
in parallel. 
If the device is unconditionally stable, the design may 
proceed to fulfill other objectives without fear of oscilla 
tions. If the device is potentially unstable, steps must be 
taken to prevent oscillations in the final design. Stability 
is achieved 
by 
proper selection of source 
and 
load 
admittances, by the use of feedback, or both. 


Feedback (Step 3) 


Feedback may be employed in the tuned high fre 
quency amplifier to achieve stability, input-output isola 
tion, or to alter the gain and terminal admittances of the 
active device. A decision to employ feedback would be 
based on whether or not its use was the optimum way to 


accomplish one of the foregoing objectives in a particular 
application. 
If feedback is employed, the deviceparameters may be 
modified to include the feedback network in accordance 
with standard two-port network theory. The remainder of 
the design may then proceed by treating the transistor- 
feedback network combination as a single, new two-port 
linear active network. 


Source and Load Admittances (Step 4) 


Source 
and 
load 
admittance 
determination 
is 
de 
pendent upon gain and stability considerations, together 
with practical circuit limitations. 
If the device is either unconditionally stable itself or 
has been made stable with feedback, stability need not be 
a major factor in the determination of source and load. If 
the device is potentially unstable and feedback is not 
employed, then a source and load which will guarantee a 
certain degree of circuit stability must be used. Also, it is 
a good idea to check the circuit stability factor during this 
step even when an unconditionally stable device is used. 
Finally, practical limitations in matching networks and 
components may also play an important part of source 
and load admittance determination. 


Network Design(Step 5) 


The final step consists of network synthesis to achieve 
the desired source and load admittances computed in step 
4. 
Sometimes, it will be difficult to achieve a desired 
source and load due to tuning range limitations, excess 
network losses, component limitations, etc. In such cases, 
the source and load admittances will be a compromise 
between desired performance and practical limitations. 


SUMMARY 


The small signal amplifier performance of a transistor is 
completely described by two-port admittance parameters. 
Based on these parameters, equations for computing the 
stability, gain, and optimum source and load admittances 
for 
the 
unilateralized, 
neutralized, 
and 
no-feedback 
amplifier cases have been discussed. 
The unconditionally stable transistor will not oscillate 
with any combination of source and load admittances, 
and circuits using a stable transistor may be optimized for 
other performance requirements without fear of oscilla 


tions. 
The potentially unstable transistor requires that steps 
be taken to guarantee a stable design. Stability is usually 
achieved by unilateralization, neutralization, or selection 
of source and load admittances which result in a stable 
amplifier. 
Unilateralization and neutralization reduce the com 
posite reverse transfer admittance. They may be used to 
achieve stability, input - output isolation, or both. 
Maximum power gain per degree of circuit stability 
without feedback may be achieved using Stern's equa 


tions. 
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g22 
= Real part of y22 


G 
= Generalized power gain 


yl 
= Complex load admittance 


Ys 
= Complex source admittance 
gt 
= Transducer gain 


MAG 
= Maximum available gain 


* 
= Conjugate 


Yin 
= Input admittance 


Your' = Output admittance 


Gmax = Maximum gain without feedback 


GU 
= Unilateralized gain 


GTU 
= Unilateralized transducer gain 


6 
= Sensitivity 


s'll 
= Input reflection coefficient 


s'22 
= Output reflection coefficient 
tl 
= 
Load reflection coefficient 


rs 
= Source reflection coefficient 


K 
= Scattering parameter stability factor 


The degree of input - output isolation is described by 
the term sensitivity, which makes it possible to compute 
changes 
in input admittance for any change 
in load 
admittance. 
The theory and design equations in this report are 
applicable 
to 
any linear active device which may be 
characterized as a two-port network. Therefore, the term 
"transistor" 
used herein 
refers generally 
to all such 
devices, including FETs and integrated circuits. 
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GLOSSARY 


C 
= Linvill's stability factor 


k 
= Stern's stability factor 


Gs 
= Real part of the source admittance 
Gl 
= Real part of the load admittance 


Bs 
= Imaginary part of the source admittance 


Bl 
= Imaginary part of the load admittance 


gl i 
= Real part of y] | 


APPENDIX I 


A. Conversions among parameter types for y, z, h, and 1 
parameters. 


h toy 


y toh 


h,. 
»- 


h toz 


z toh 


al 


Z22 
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'12 


'12 
y21 
— 
h2i 
'11 
yn 


where 
Ay . yu y22 - y^ y,,, 


wttere &z 
- z,, z, 
II '22 
'12 *21 


Ay 


htog 


gtoh 


ztoy 


y toz 


y22 


Ay 


ztog 


gtoz 


gtoy 


Ag 


ytog 


y22 
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12 
"21 


where Ah« h„ h22 - hJ2 l>21 


b12 


'12 
"21 


where Ag . gu g22 - gJ2g2J 


-12 
'21 
'12 " .„ 
'21 " A„ 
Az 
Az 


where Az =z„ z22 - z,2 z2J 


"12 


-y 12 
-y21 


'21 
Ay 
Ay 


where Ay.yny22 - y,2 y2, 


"l12 
*21 
12" ~r 
g21 " ~ 
zll 


there az » z. 


where Ag « gu g22 - gJ2B2j 


B22 


-B21 
y2, - — 
B22 


where Ag . gn g^ - g12g21 


'12 
-y21 


Ay 


Ag 


g12°" 
821 ° 
g22 ° „ 
'22 
'22 
'22 


where ay^Jjj - y12y2i 


B. Conversions among common emitter, common base, 
and common collector parameters of the same type for y, 


and h parameters. 
Common emitter y parameters in terms of common 
baseand common collector y parameters. 


ylle * yllb * y12b * y2Ib * y22b " yllc 


y12e ' -^12b +v22b> • -<yllc + y12c> 


y21c " "^Ib + y22b' ° "(yllc * y21c' 


y22e ° y22b = yllc * y12c * y21c * y22c 


Common base y parameters in terms of common emitter 
and common collector y parameters. 


yllb = ylle * y12e * y21e * y22e * y22c 


y12b * "^126 * y22e' " "(y21c * y22c> 


y21b " *(y21e * y22e' = "(y12c * y22c) 


y22b ° y22e " yllc * y12c * y21c * y22c 


Common collector y parameters in terms of common 
emitter and common base y parameters. 


yllc ' ylle = yllb * y12b * y21b * y22b 


y12c " "•'lie * y12c) " -(yllb + y21b> 


y21c " _<ylle * y21e) = "(yllb * y12b' 


y22c ° ylle + y12e * y21e * y22e " yllb 


Common emitter h parameters in terms of common base 
and common collector h parameters. 


hiib 
"lib 


n22e 


(1 
♦ h2,b) (l-h12b) 
♦ h22bhnb 
j +h^ 


hllbh22b • h12b ,,*hJIb) 
hllbh22> 


- 
< 
. 
M3 
. 
— 
(1 
♦ h2,b) (l-h12b) 
♦ h2a hnb 
, + fc 
" h12b • '-"Uc 


•h2ibU"l,i2b) " haalliib 
*h2ib 
" 
i 
♦ h 
" •" * h21c> 
» 
♦ >W<,-hi2b> * h22bhiib 
21b 


h„~ 
h,_ 


(1 + h2,b) (l-hI2b) + h22bhnb 
1 
♦ h2,b 


Common has h parameters in terms of common emitter 
and common collector h parameters. 


h. 
lie 
lie 


(1 
♦ h2Je) (l-h,2e) +hUe h22e 
,+^ 


h.. 
-h. 
lie 
lie 


hllch22c - h21ch12c 
"21c 
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h,«.(l 
♦ b*,J 
•>,,. h, 
"lle"22e 
" "I2e' 


» * h21e> <1-h12e» * "lie h22« 


h21c(1-h12c' * hllch22c 


hllch22c * h21c hl2c 


-h!>i- O-hi^J " hii„h99» 


» +WOV + hlleh22e 
1 ♦ h21e 


h12c (1 * h21c' " hllc h22c 
-(1 
♦ h21c) 


hllch22c " h21ch12c 
h21c 


h22e 
h22c 


(1 
♦ h„J (l-h„J 


lie 
22c 
21c 
12c 


Common collector h parameters in terms of common base 
and common emitter h parameters. 


« 
♦ h21b> »-h12b> -h22bhllb 


1*haib 


(1 ♦ h21b) »-h12b) 
♦ h22bhllb 


(1 
♦ h2,b) (l-h12b) « >»22bhllb 
' * h21b 


(1 
♦ h2Ib) (l-hl2b) 
♦ h22bhnb 


• •» * h2le» 


Expressions for voltage gain, current gain, input im 
pedance, and output impedance in terms of y, z, h, and g 
parameters. 


VoltsigeGain 


V 
*21ZL 
•y21 
"h21ZL 
g21ZL 


AZ 
♦ Zn ZL 
y22 4 YL 
h„ . AhZL 
g22 
♦ zL 


S21(1+ rL» 
(1-S„r,)(l«s- ) 


Current Gain 
-y„ Vi 
z22 ♦ ZL 
Ay * y,, YL 


Input Impedance 


Az + z.. Z. 
y,„ + Y, 


IN 


11 
L 


2*., 
+ Z, 
'22 


699 
♦ zi 


Ag + g.-Z. 


'22 


*y 
♦ y,.v, 


g21 


Output Impedance 


** + *22zs 
yn + Y» 


z„ + Zs 
Ay + y22Y8 
Ah + h,, Zjj 


A« + «22Ys 


«11 + Ys 


Conversion between y parametersand s (scattering) para 


meters: 


U-yu) (i+y22) +y12 y21 
8n " t. 
— 
: 
t 
U+yn) U*y22> - y12 y2, 


-2yi2 
(l+vu)(l+y22)-y12y21 


-2y,21 
21 
'1+yll><1+y22>-y12y21 
, _(UyU)(l-y22)*y2lyl21. 
22 
<1+y,.Hi+y22>-y12y21 


,[" 
-28i2 
] _j_ 
^ 
Lll+5ll)ll+822)-81282lJ Zo 


_|" 
-2821 
1 1 
'" "Ltt«U) (l«ffl) -•„ s21J Z0 


pUsn) (l-s22) +812 s21-| ^ 
'22°[jl+522)(l+811)-812821J 
Zo 


where Z0= the characteristic impedance of the transmis 
sion lines used in the scattering parameter 
system, usually 50 ohms. 


Conversion between h parameters and s parameters: 


(h„-i)(h22ti)-h12h21 
'U°(hn+1) (1122+1)-h^hj, 


2h,'12 
(hu+l)(^2+1) - h12 IV2! 


•2h21 
(hu+l)0,22+1) -hiah8l 


(l+hu) (l-h22) +h12 h21 


(hn+l) (h22*l) - h12 h21 


tt 


tt 


tt 


„ . Ri^n) (i* »22) -s12 s211 
" 
L(1-8ll><1+822> +81282j 
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2s12 
(1-8, ,) (l+Sjj)*S„ 8, 


821 


11'l*Ta22'T "12 "21 


2s„ 


(l-s.,)(l+s,,) +s„ s, 
"11 
22' 
. _[" (1-"22> <*-ii> -a12 82l" 
2 L(l-811)U+S22)+812821. 


fin convertingfrom y to s parameters, the y parameters 
must first be multiplied by Z0, and then substituted in 
the equations for conversionto s parameters, 
tfln convertingfromh to s parameters, the h parameters 
must first be normalized to Z0 in the following 
manner and then substituted in the equations for 
conversion to s parameters: 


Parameter 
To Normalize 
hll 
divide by Z0 
hl2 
use as is 
h21 
use as is 
h22 
multiply by Zq 


Conversion between z parameters and s parameters: 


p.Slli(i-s22,.s12q 


11 "Li,-SU)(,-S22,-S12S2lJ ° 


si2" [ti-Snlti-ly-s^J Zo 


Z21' [(l.Sn)(l-4).S12S2I| Zo 
ni.s22>u-sn).s12s27| 
!22-[(i.s;;i(i-y.s12s2ijzo 


1) (Z„ - 1) - z„z, 


ttt 


ttt 


ttt 


ttt 


tttIn converting from z to s parameters, the z parameters 
must first be divided by Zq, and then substituted in 
the equations for conversion to s parameters. 
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MATCHING NETWORK DESIGNS 
WITH COMPUTER SOLUTIONS 


Prepared by: 
Frank Davis 


INTRODUCTION 


One of the problems facing the circuit design en 
gineer is the design of high-frequency matching networks. 
Careful design of a network that will accomplish the re 
quired matching, harmonic attenuation, bandwidth, etc., 
and yield components of practical size can result in many 
hours spent with pencil and slide rule. 


The design of matching networks for high frequen 
cy circuits involves an infinite number of possibilities, 
and a complete tabulation of possible network solutions 
would be virtually impossible. 
However, it is often nec 
essary to design matching networks with a 50 + j 0 ohm 
impedance at one port. This, combined with a restricted 
range of impedance values to be matched,imposed by net 
work and device limitations, makes practical a tabulation 
of some of the more commonly used networks. 
These 
design solutions are given in this report. 


The network solutions included in this report have 
the limitation that one terminating impedance must be 
SO+ j 0 ohms. These networks are often used for match 
ing in transistor RF power amplifier circuits that have a 
50-ohm source or load. When the network does not have 
a 50-ohm termination at either port, the mathematical 
procedure given for each network in Appendix I can be 
used for the solution. 


COMPONENT CONSIDERATIONS 


Four networks are presented in this report with 
solutions in the form of computer tabulations. Each net 
work has its own limitations. Although the network con 
figuration is normally up to the discretion of the design 
engineer, it is sometimes necessary to use one configu 
ration in preference to another in order to obtain com 
ponent values that are more realistic from a practical 
standpoint. 


Component selection in the UHF and 
VHF fre 
quency ranges becomes a major problem, and the net 
work configuration to obtain realistic component values 
is of vital importance to the design engineer. 
Design 
calculations for matching networks can become com 
pletely meaningless unless the components for the net 
work are measured at the operating frequency. 
For example, a 100 pF silver mica capacitor that 
meets all specifications at 1 MHz can have as much ca 
pacitance as 300 pF at 100 MHz. At some frequency, the 
capacitor's series lead inductance will finally tune out 
the capacitance, thus leaving the capacitor net inductive. 
Values of inductance in the 
low nanohenry range 
are also difficult to obtain, since the inductance of a one- 
inch straight piece of #20 solid tinned wire is approxi 
mately 20 nH. 


Component tolerances nave no meaning at VHF 
frequencies and above unless they are specified at the 
operating frequency. 
It cannot be over-emphasized that 
components must be measured at the operating frequency. 
NETWORK SOLUTIONS 


The resistor and capacitor shown in the box la 
beled "device to be matched" represent the complex input 


or output impedance of a transistor. These complex im 
pedances have been represented in series form in some 
cases and parallel form in others, depending on which 
form is most convenient for network calculation. 
The 
resultant impedance of the network, when terminated with 
50 + j 0 ohms, must be equal to the conjugate of the im 
pedance in 
the box. 
The computer tabulations provide 
this solution. 


Network A (see Figure 1) is applicable only when 
the "device to be matched" has a series real part of less 
than 50 ohms. As we can see from the computer tabula 
tion, as the series real part approaches 50 ohms, the 
reactance of Cj approaches infinity. 
However, in RF 
power amplifiers, we normally find that the series real 
part of both the input and the output is less than 50 ohms, 
making this matching network applicable 
to most RF 
power amplifier stages. 
Where the terminating imped 
ance is other than 50 ohms, the mathematical procedure 
for the network solution is given in Appendix I. 
Network B (see Figure 2) is the Pi network widely 
used in vacuum tube transmitters. 
As is apparent from 
the computer tabulation, this network is often impracti 
cal for use where Rj is small. 
For values of R, less 
than 50ohms, the inductance of L becomes impractically 
small while the capacitance of both Cj and C2 become 
very large. Where the Pi network configuration must be 
used to match low values of impedance, a double Pi net 
work, in which the Q of the first section is very low, can 
be utilized to yield practical components. 
Network Chas been solved in two forms (see Fig 
ure 3). 
Both of these networks have the limitation that 
Ri must be less than 50 ohms. 
However, 
it must be 
stressed that this network configuration quite often yields 
the most practical components where low values of Ri 
must be matched. 
Network D (see Figure 4) is a "Tee" network. 
This network is useful for matching impedance less than 
or greater than 50 ohms. 
It has been observed in labo 
ratory tests that this network configuration also yields 
very 
high collector efficiencies when used for output 
matching in transistor RF power amplifier stages. 
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FIGURE 4 - 
NETWORK D 
SUMMARY 


i 


AC1 


DEVICE TO 
BE MATCHED 


Four computer-solved networks have been pre 
sented. 
The mathematical procedure for the solution of 
each network has been given in Appendix I. * Although 
the networks have found major use in matching solid-state 
RF power amplifier stages, they are also applicable to 
any circuit where the individual network's limitations 
are fulfilled. 


*For the derivation of the equations used, refer to Elec 
tronic Circuit Analysis, Volume 1, "Passive Networks," 
Philip Cutler. 
NETWORK C, 


APPENDIX I 


To convert a parallel resistance and reactance combina 
tion to series: 


1 * (Rn/XJ 
P'"P' 


R„P 


To convert a series resistance and reactance combination 
to parallel: 


To solve network A: 


XP° 5T7RT 
8 
S 


1. 
Select a Q 


XLl'«Rl+XCout 


X„„ = ART 
X2 
X 
- (B/AHB/Q) 
"ci 
(b/amb/q: 


B - RjU+Q2) 


To solve network B: 


1. 
Select a Q 


R,/Q 
"CI 
"1 


XC2 * R 


B 
)"Q - A 


J 
VRL 
,'V(QZ+l)-(Rl/RL) 


QR, +(RjRl/X^) 


To solve network C 


1. 
Select a Q 


X, , = X, 
Ll 
Cout 


XC1 • «R1 


XC2 =RLyRL-Rj 


x 
-x 
+/R»"M 


To solve network C-: 


1. 
Select a Q 


2. 
L. is not used in this network 


"ci " «R1 


XC2 •^yjq^wi 


/rirl\ 


To solve network D: 


1. 
Select a Q 


XL1.(RIQ)+XCout 


X,„= R, B 
VL2 


(A/QHA/B) 
ci 
(A7QTT7A7BJ 
q-Tb 


2. 
where A > R, (1 ♦ Q') 


B 


1' 
•m 
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_nrv>-N_ 


(See Step 5) x 
-L. 


Q 
XL1 
XC1 
XC2 
Rl 


26 
65 
10 
26 
27 
75.3 
14.14 
27 
28 
85.68 
17.32 
28 
29 
96.66 
20 
29 
30 
108.5 
22.36 
30 
32 
136 
26.46 
32 
34 
170 
30 
34 
36 
213.8 
33.16 
36 
38 
272.5 
36.05 
38 
40 
355 
38.7 
40 
42 
479 
41.23 
42 
44 ' 
686.32 
43.59 
44 
46 
1102 
45.83 
46 
48 
2351 
48 
48 


2 
22 
32.7 
15.8 
11 


2 
24 
38.6 
22.4 
12 


2 
26 
45 
27.4 
13 


2 
28 
51.2 
31.6 
14 


2 
30 
58 
35.4 
15 


2 
32 
65.3 
38.7 
16 


2 
34 
73.1 
41.8 
17 


2 
36 
81.4 
44.7 
18 


2 
38 
90.3 
47.4 
19 


2 
40 
100 
50 
20 


2 
42 
110.4 
52.4 
21 


2 
44 
122 
55 
22 


2 
46 
134 
57 
23 
2 
48 
147 
59 
24 


2 
50 
161 
61 
25 


2 
52 
177 
63 
26 


2 
54 
194 
65 
27 


2 
56 
213 
67 
28 


2 
58 
233 
69 
29 
2 
60 
256 
71 
30 


2 
64 
310 
74 
32 


2 
68 
377 
77 
34 


2 
72 
464 
81 
36 


2 
76 
582 
84 
38 


2 
80 
746 
87 
40 


2 
84 
995 
89 
42 
2 
88 
1409 
92 
44 


2 
92 
2241 
95 
46 


2 
96 
4739 
97 
48 


3 
18 
23.5 
22.3 
6 


3 
21 
29.6 
31.6 
7 


3 
24 
35.9 
38.7 
8 
3 
27 
42.7 
44.7 
9 
3 
30 
50 
50 
10 


3 
33 
57.8 
54.8 
11 


3 
36 
66 
59 
12 
3 
39 
75 
63.2 
13 
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NETWORK A 


TO DESIGN A NETWORK USING THE TABLES 
1. 
Transform the parallel impedance of the device to 
bematched to series form (Rj + jXq 
). 
2. 
Define Q, in column one, as X^/Rj. 


3. 
Choose a Q. 
4. 
For a Q, find the R to be matched in the R column 
and read the reactive value of the components. 
5. 
XL{ is equal to the quantity Xli obtained from the 
tables plus |Xc0ut'' 
6. 
This completes the network. 


Q 
XL1 
XC1 
XC2 
Rl 


3 
42 
84 
67 
14 
3 
45 
95 
71 
15 


3 
48 
105 
74 
16 


3 
51 
117 
77 
17 


3 
54 
130 
81 
18 
3 
57 
143 
84 
19 
3 
60 
158 
87 
20 


3 
63 
173 
89 
21 
3 
66 
190 
92 
22 


3 
69 
209 
95 
23 
3 
72. 
228 
97 
24 


3 
75 
250 
100 
25 


3 
78 
274 
102 
26 


3 
81 
299 
105 
27 


3 
84 
327 
107 
28 


3 
87 
358 
110 
29 


3 
90 
393 
112 
30 


3 
96 
473 
116 
32 


3 
102 
575 
120 
34 
3 
108 
706 
124 
36 


3 
114 
882 
128 
38 


3 
120 
1129 
132 
40 


3 
126 
1502 
136 
42 


3 
132 
2124 
140 
44 


3 
138 
3372 
143 
46 


3 
144 
7119 
146 
48 


12 
13.2 
7.1 
3 
16 
20 
30 
4 
20 
26.9 
41.8 
5 
24 
34.2 
51 
6 
28 
42.1 
58.7 
7 
32 
50.6 
66 
8 
36 
60 
72 
9 
40 
69 
77 
10 
44 
80 
83 
11 
48 
91 
88 
12 
52 
103 
92 
13 
56 
115 
97 
14 
60 
129 
101 
15 
64 
144 
105 
16 
68 
159 
109 
17 
72 
176 
113 
18 
76 
194 
117 
19 
80 
214 
120 
20 
84 
235 
124 
21 
88 
257 
127 
22 
92 
282 
131 
23 
96 
308 
134 
24 
100 
337 
137 
25 
104 
368 
140 
26 
108 
403 
. 
143 
27 
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Q 
XL1 
XC1 
XC2 
Rl 


112 
440 
146 
28 
116 
482 
149 
29 
120 
527 
152 
30 
128 
635 
157 
32 
136 
770 
162 
34 
144 
945 
168 
36 
152 
1180 
173 
38 
160 
1510 
177 
40 
168 
2007 
182 
42 
176 
2837 
187 
44 
184 
4500 
191 
46 
192 
9497 
196 
48 


5 
10 
10.8 
10 
2 


5 
15 
18.3 
37.4 
3 


5 
20 
26.3 
52 
4 


5 
25 
34.8 
63.2 
5 


5 
30 
44 
73 
6 
5 
35 
54 
81 
7 


5 
40 
65 
89 
8 


5 
45 
76 
96 
9 
5 
50 
88 
102 
10 


5 
55 
101 
108 
11 


5 
60 
115 
114 
12 


5 
65 
130 
120 
13 
5 
70 
146 
125 
14 


5 
75 
163 
130 
15 


5 
80 
181 
135 
16 
5 
85 
201 
140 
17 


5 
90 
222 
145 
18 


5 
95 
245 
149 
19 


5 
100 
269 
153 
20 


5 
105 
295 
157 
21 


5 
110 
323 
162 
22 
5 
115 
354 
166 
23 


5 
120 
387 
169 
24 
5 
125 
423 
173 
25 


5 
130 
462 
177 
26 


5 
135 
505 
181 
27 
5 
140 
553 
184 
28 


5 
145 
604 
188 
29 


5 
150 
662 
191 
30 
5 
160 
796 
198 
32 


5 
170 
965 
204 
34 


5 
180 
1184 
210 
36 


5 
190 
1477 
217 
38 
5 
200 
1890 
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40 


5 
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3548 
234 
44 
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46 
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245 
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Q 
XC1 
XC2 
XL 
Rl 
Q 
XC1 
XC2 
XL 
Rl 
Q 
XC1 
XC2 
XL 
Rl 


7 
21.43 
12.63 
32.87 
150 
10 
0.1 
0.7 
0.8 
1 
16 
18.75 
7.73 
26.23 
300 
7 
25 
13.72 
37.26 
175 
10 
5 
5 
9.9 
50 
16 
25 
8.96 
33.59 
400 
7 
28.57 
14.74 
41.56 
200 
10 
10 
7.11 
16.87 
100 
16 
31.25 
10.06 
40.8 
500 
7 
32.14 
15.72 
45.81 
225 
10 
15 
8.75 
23.34 
150 
16 
37.5 
11.07 
47.9 
600 
7 
35.71 
16.67 
50 
250 
10 
20 
10.15 
29.55 
200 
16 
43.75 
12 
54.93 
700 
7 
42.86 
18.46 
58.25 
300 
10 
25 
11.41 
35.6 
250 
16 
50 
12.88 
61.89 
800 
7 
57.14 
21.82 
74.33 
400 
10 
30 
12.57 
41.52 
300 
16 
56.25 
13.72 
68.79 
900 
7 
71.43 
25 
90 
500 
10 
40 
14.66 
53.11 
400 
16 
62.5 
14.52 
75.65 
1000 
7 
85.71 
28.1 
105.35 
600 
10 
50 
16.57 
64.44 
500 
16 
75 
16.05 
89.26 
1200 
7 
100 
31.18 
120.45 
700 
10 
60 
18.36 
75.58 
600 
16 
87.5 
17.48 
102.74 
1400 
7 
114.29 
34.3 
135.32 
800 
10 
70 
20.06 
86.58 
700 
16 
100 
18.86 
116.12 
1600 
7 
128.57 
37.5 
150 
900 
10 
80 
21.69 
97.46 
800 
16 
112.5 
20.18 
129.42 
1800 
7 
142.86 
40.82 
164.49 
1000 
10 
90 
23.28 
108.24 
900 
16 
125 
21.47 
142.64 
2000 
7 
171.43 
48.04 
192.98 
1200 
10 
100 
24.85 
118.94 
1000 
16 
137.5 
22.73 
155.8 
2200 
7 
200 
56.41 
220.82 
1400 
10 
120 
27.91 
140.09 
1200 
16 
150 
23.96 
168.9 
2400 
7 
228.57 
66.67 
248 
1600 
10 
140 
30.97 
161 
1400 
16 
162.5 
25.18 
181.95 
2600 
7 
257.14 
80.18 
274.45 
1800 
10 
160 
34.05 
181.68 
1600 
16 
175 
26.39 
194.96 2800 
7 
285.71 
100 
300 
2000 
10 
180 
37.21 
202.17 
1800 
16 
187.5 
27.59 
207.92 
3000 
7 
314.29 
135.4 
324.25 
2200 
10 
200 
40.49 
222.47 
2000 
16 
218.75 
30.59 
240.16 
3500 
7 
342.86 
244.95 
345.8 
2400 
10 
220 
43.93 
242.61 
2200 
16 
250 
33.61 
272.18 
4000 
10 
240 
47.58 
262.59 
2400 
16 
16 


16 


281.25 
312.5 
343.75 


36.71 
39.9 
43.25 


304.01 
335.66 
367.15 


4500 
5000 
5500 
8 
0.13 
0.88 
1 
1 
8 
8 
8 
8 


3.13 
6.25 
9.38 
12.5 


4.4 
6.25 
7.68 
8.91 


7.45 
12.31 
16.74 
20.94 


25 
50 
75 
100 


12 
25 
10.39 
34.79 
300 
16 
375 
46.8 
398.49 
6000 
12 
12 
12 


33.33 
41.67 
50 


12.08 
13.61 
15.02 


44.52 
54.05 
63.43 


400 
500 
600 


18 
18 
16.67 
22.22 
6.86 
7.94 
23.35 
29.9 
300 
400 


8 
8 
8 


15.63 
18.75 
21.88 


10 
11 
11.93 


25 
28.95 
32.82 


125 
150 
175 


12 
12 
12 


58.33 
66.67 
75 


16.35 
17.61 
18.82 


72.7 
81.87 
90.97 


700 
800 
900 


18 
18 
18 


27.78 
33.33 
38.89 


8.91 
9.79 
10.61 


36.33 
42.66 
48.92 


500 
600 
700 


8 
8 
8 
8 
8 
8 
8 
8 
8 
8 
8 


25 
28.13 
31.25 
37.5 
50 
62.5 
75 
87.5 
100 
112.5 
125 


12.8 
13.64 
14.43 
15.94 
18.73 
21.32 
23.79 
26.2 
28.57 
30.94 
33.33 


36.63 
40.38 
44.09 
51.4 
65.66 
79.58 
93.25 
106.71 
120 
133.14 
146.15 


200 
225 
250 
300 
400 
500 
600 
700 
800 
900 
1000 


12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 


83.33 
100 
116.67 
133.33 
150 
166.67 
183.33 
200 
216.67 
233.33 
250 
291.67 
333.33 
375 
416.67 
458.33 
500 


20 
22.27 
24.46 
26.61 
28.73 
30.86 
33 
35.17 
37.39 
39.66 
42.01 
48.3 
55.47 
63.96 
74.54 
88.64 
109.54 


100 
117.89 
135.6 
153.15 
170. 57 
187.86 
205.06 
222.15 
239.16 
256.07 
272.9 
314.64 
355.9 
396.67 
436.92 
476.57 
515.44 


1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 
2800 
3000 
3500 
4000 
4500 
5000 
5500 
6000 


18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 


44.44 
50 
55.56 
66.67 
77.78 
88.89 
100 
111.11 
122.22 
133.33 
144.44 


11.38 
12.11 
12.8 
14.12 
15.35 
16.52 
17.65 
18.73 
19.79 
20.81 
21.82 


55.13 
61.28 
67.4 
79.54 
91.57 
103.51 
115.38 
127.2 
138.95 
150.66 
162.33 


800 
900 
1000 
1200 
1400 
1600 
1800 
2000 
2200 
2400 
2600 


8 
8 
8 
8 
8 
8 
8 


150 
175 
200 
225 
250 
275 
300 


38.25 
43.5 
49.24 
55.71 
63.25 
72.37 
84.02 


171.82 
197.07 
221.92 
246.39 
270.48 
294.15 
317.36 


1200 
1400 
1600 
1800 
2000 
2200 
2400 


18 
18 
18 
18 
18 
18 
18 


155.56 
166.67 
194.44 
222.22 
250 
277.78 
305.56 
333.33 


22.81 
23.79 
26.2 
28.57 
30.94 
33.33 
35.76 
38.25 


173.96 
185.55 
214.4 
243.08 
271.6 
300 
328.27 
356.44 


2800 
3000 
3500 
4000 
4500 
5000 
5500 
6000 


14 
21.43 
8.86 
29.91 
300 


18 


20 
15 
6.16 
21.03 
300 
9 
8.33 
6.83 
14.93 
75 
14 
28.57 
10.29 
38.3 
400 
20 
20 
7.13 
26.94 
400 
9 
11.11 
7.91 
18.69 
100 
14 
35.71 
11.56 
46.51 
500 
20 
25 
8 
32.73 
500 
9 
13.89 
8.87 
22.32 
125 
14 
42.86 
12.73 
54.6 
600 
20 
30 
8.78 
38.44 
600 
9 
16.67 
9.74 
25.85 
150 
14 
50 
13.83 
62.59 
700 
20 
35 
9.51 
44.09 
700 
9 
19.44 
10.56 
29.31 
175 
14 
57.14 
14.87 
70.51 
800 
20 
40 
10.19 
49.69 
800 
9 
22.22 
11.32 
32.72 
200 
14 
64.29 
15.86 
78.37 
900 
20 
45 
10.84 
55.24 
900 
9 
25 
12.05 
36.08 
225 
14 
71.43 
16.81 
86.17 
1000 
20 
50 
11.46 
60.76 
1000 
9 
27.78 
12.74 
39.4 
250 
14 
85.71 
18.62 
101.63 
1200 
20 
60 
12.62 
71.71 
1200 
9 
33.33 
14.05 
45.95 
300 
14 
100 
20.35 
116.95 
1400 
20 
70 
13.7 
82.57 
1400 
9 
44.44 
16.44 
58.74 
400 
14 
114.29 
22.02 
132.15 
1600 
20 
80 
14.72 
93.35 
1600 
9 
55.56 
18.63 
71.24 
500 
14 
128.57 
23.64 
147.24 
1800 
20 
80 
15.7 
104.07 
1800 
9 
66.67 
20.7 
83.53 
600 
14 
142.86 
25.24 
162.25 
2000 
20 
100 
16.64 
114.73 
2000 


9 
77.78 
22.69 
95.64 
700 
14 
157.14 
26.81 
177.17 2200 
20 
110 
17.55 
125.35 
2200 
9 
88.89 
24.62 
107.62 
800 
14 
171.43 
26.38 
192.02 
2400 
20 
120 
18.44 
135.93 
2400 
9* 
100 
26.52 
119.48 
900 
14 
185.71 
29.94 
206.81 
2600 
20 
130 
19.3 
146.47 2600 
9 
111.11 
28.4 
131.23 
1000 
14 
200 
31.51 
221.54 2800 
20 
140 
20.14 
156.98 
2800 
9 
133.33 
32.16 
154.46 
1200 
14 
214.29 
33.09 
236.21 
3000 
20 
150 
20.97 
167.46 
3000 
9 
155.56 
36 
177.37 
1400 
14 
250 
37.12 
272.66 
3500 
20 
175 
22.99 
193.54 
3500 
9 
177.78 
40 
200 
1600 
14 
285.71 
41.34 
308.82 
4000 
20 
200 
24.96 
219.48 
4000 
9 
200 
44.23 
222.37 
1800 
14 
321.43 
45.86 
344.7 
4500 
20 
225 
26.9 
245.3 
4500 
9 
222.22 
48.8 
244.5 
2000 
14 
357.14 
50.77 
380.33 
5000 
20 
250 
28.82 
271.01 
5000 
9 
244.44 
53.8 
266.4 
2200 
14 
392.66 
56.22 
415.69 
5500 
20 
275 
30.74 
296.62 
5500 
9 
286.67 
59.41 
288.05 
2400 
14 
428.57 
62.42 
450.79' '6000 
20 
300 
32.67 
322.15 
6000 
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NETWORK Ct 
The following is a computer solution for an RF matching 
network. 
This computer solution is applicable for 
two 
forms of matching networks. 


"Wl* 50JJ 


TO DESIGN A NETWORK USING THE TABLES 


2. 
Define Q, incolumn one, as X-^/Rj. 


3. 
All network values can now be read from the charts 
in terms of reactance. 


4. 
This completes network C.. 


NETWORK C2 


TO DESIGN A NETWORK USING THE TABLES 


Transform the impedance of the device to be matched 
to series form (R. +)xCou.) 


Define Q. in column one, as X-./R.. 


For a desired Q, 
find the R 
to be matched in the 
R. column and read the reaclive value of the com 
ponents. 
XL2' is equal to the quantity Xl2 obtained from the 
tablesplus |XC()ut|. 


This completes network C-. 


Q 
XC1 
XC2 
XL2 
Rl 
Q 
XC1 
XC2 
XL2 
Rl 
Q 
XC1 
XC2 
XL2 
Rl 


1 
7.14 
8 
1 
38 
88.98 
59.35 
38 
2 
54 
54.17 
78.92 
27 


2 
10.21 
11.8 
2 
40 
100 
60 
40 
2 
56 
56.41 
80.82 
28 


3 
12.63 
14.87 
3 
42 
114.56 
60.33 
42 
2 
58 
58.76 
82.68 
29 


4 
14.74 
17.56 
4 
44 
135.4 
60.25 
44 
2 
60 
61.24 
84.49 
30 


5 
16.67 
20 
5 
46 
169. 56 
59.56 
46 
2 
64 
66.67 
88 
32 


6 
7 
18.46 
20.17 
22.25 
24.35 
6 
7 
48 
244.95 
57.8 
48 
2 


2 
68 
72 
72.89 
80.18 
91.32 
94.45 
34 
36 
8 
21.82 
26.33 
8 
2 
2 
7.14 
9 
1 
2 
76 
88.98 
97.35 
38 
9 
23.43 
28.21 
9 
2 
4 
10.21 
13.8 
2 
2 
80 
100 
100 
40 
10 
25 
30 
10 
2 
6 
12.63 
17.87 
3 
2 
84 
114.56 ' 
102.33 
42 
11 
26.55 
31.81 
11 
2 
8 
14.74 
21.56 
4 
2 
88 
135.4 
104.25 
44 
12 
28.1 
33.35 
12 
2 
10 
16.67 
25 
5 
2 
92 
169. 56 
105.56 
46 
13 
14 
29.64 
31.13 
34.93 
36.45 
13 
14 
2 
2 
12 
14 
18.46 
20.17 
28.25 
31.35 
6 
7 
2 
96 
244.95 
105.8 
48 


15 
32.73 
37.91 
15 
2 
16 
21.82 
34.33 
8 
3 
3 
7.14 
10 
1 
16 
34.3 
39.32 
16 
2 
18 
23.43 
37.21 
9 
3 
6 
10.21 
15.8 
2 
17 
35.89 
40.69 
17 
2 
20 
25 
40 
10 
3 
9 
12.63 
20.87 
3 
18 
37.5 
42 
18 
2 
22 
26.55 
42.71 
11 
3 
12 
14.74 
25.56 
4 
19 
39.14 
43.27 
19 
2 
24 
28.1 
45.35 
12 
3 
15 
16.67 
30 
5 
20 
40.82 
44.49 
20 
2 
26 
29.64 
47.93 
13 
3 
18 
18.46 
34.25 
6 
21 
42.55 
45.68 
21 
2 
28 
31.18 
50.45 
14 
3 
21 
20.17 
38.35 
7 
22 
44.32 
46.82 
22 
2 
30 
32.73 
52.91 
15 
3 
24 
21.82 
42.33 
8 
23 
46.15 
47.92 
23 
2 
32 
34.3 
55.32 
16 
3 
27 
23.43 
46.21 
9 
24 
48.04 
48.98 
24 
2 
34 
35.89 
57.69 
17 
3 
30 
25 
50 
10 
25 
50 
50 
25 
2 
36 
37.5 
60 
18 
3 
33 
26.55 
53.71 
11 
26 
52.04 
50.98 
26 
2 
38 
39.14 
62.27 
19 
3 
36 
28.1 
57.35 
12 
27 
54.17 
51.92 
27 
2 
40 
40.82 
64.49 
20 
3 
39 
29.64 
60.98 
13 
28 
56.41 
52.82 
28 
2 
42 
42.55 
66.66 
21 
3 
42 
31.18 
64.45 
14 
29 
58.76 
53.68 
29 
2 
44 
44.32 
68.82 
22 
3 
45 
32.73 
67.91 
15 
30 
61.24 
54.49 
30 
2 
46 
46.15 
70.92 
23 
3 
48 
34.3 
71.32 
16 
32 
66.67 
56 
32 
2 
48 
48.04 
72.98 
24 
3 
51 
35.89 
74.69 
17 
34 
72.89 
57.32 
34 
2 
50 
50 
75 
25 
3 
54 
37.5 
78 
16 
36 
80.18 
58.45 
36 
2 
52 
52.04 
76.98 
26 
3 
57 
39.14 
81.27 
19 
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Q XC1 
XC2 
XL2 
Rl 
Q 
XC1 
XC2 
XL2 
Rl 
Q 
XC1 
XC2 
XL2 
Rl 


8 
8 
8 
8 
8 


320 
336 
352 
36B 
384 


100 
114.56 
135.4 
169.56 
244.95 


340 
354.33 
368.25 
381.56 
393.8 


40 
42 
44 
46 
48 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


414 
432 
216 
225 
234 
243 
252 
261 
270 
288 
306 
324 
342 
360 
378 
396 


169.56 
244.95 
48.04 
50 
52.04 
54.17 
56.41 
58.76 
61.24 
66.67 
72.89 
80.18 
88.98 
100 
114.56 
135.4 


427.56 
141.8 
240.98 
250 
258.98 
267.92 
276.82 
285.88 
294.49 
312 
329.32 
346.45 
363.35 
380 
396.33 
412.25 


46 
46 
24 
25 
26 
27 
28 
29 
30 
32 
34 
36 
38 
40 
42 
44 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
320 
340 
360 
380 
400 
420 
440 
460 
480 


28.1 
29.64 
31.18 
32.73 
34.3 
35.89 
37.5 
39.14 
40.62 
42.55 
44.32 
46.15 
48.04 
50 
52.04 
54.17 
56.41 
58.76 
61.24 
66.67 
72.89 
80.18 
88.98 
100 
114.56 
135.4 
169.56 
244.95 


141.35 
151.93 
162.45 
172.91 
183.32 
193.69 
204 
214.27 
224.49 
234.68 
244.82 
254.92 
2 d4.98 
275 
284.98 
294.92 
304.82 
314.68 
324.49 
344 
363.32 
382.45 
401.35 
420 
438.33 
456.25 
473.56 
489.8 


12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
32 
34 
36 
38 
40 
42 
44 
46 
48 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


9 
18 
27 
36 
45 
54 
63 
72 
81 
90 
99 
108 
117 
126 
135 
144 
153 
162 
171 
180 
189 
193 
207 


7.14 
10.21 
12.63 
14.74 
16.67 
18.46 
20.17 
21.82 
23.43 
25 
26.55 
28.1 
29.64 
31.18 
32.73 
34.3 
35.89 
37.5 
39.17 
40.82 
42.55 
44.32 
46.15 


16 
27.8 
38.87 
49.56 
60 
70.25 
80.35 
90.33 
100.21 
no 
119.71 
129.35 
138.93 
148.45 
157.91 
167.32 
176.69 
186 
195.27 
204.49 
213.68 
222.82 
231.92 


1 


2 


3 
4 
5 
6 
7 


8 
9 
10 
11 


12 
13 
14 
15 
16 
17 
18 


19 
20 
21 
22 
23 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


10 
20 
30 
4C 
50 
60 
70 
80 
90 
100 
no 


7.14 
10.21 
12.63 
14.74 
16.67 
18.46 
20.17 
21.82 
23.43 
25 
26.55 


17 
29.8 
41.87 
53.56 
65 
76.25 
87.35 
38.33 
109.21 
120 
130.71 


1 
2 
3 
4 
5 


6 
7 
8 
9 
10 
11 


NETWORK D 


The following is a computer solution for an RF "Tee" 
matching network. 
Tuning is accomplished by using a variable capacitor for 


Cj. Variable matching may also be accomplished by in 
creasing Xjqand addingan equal amount of Xcin series 
in the form of a variable capacitor. 


I 


DEVICE TO 
BE MATCHED 


"lI 


(See Step 3) 


TO DESIGN A NETWORK USING THE TABLES 


1. 
Define Q, in column one, as X../R.. 


2. 
For an Rj to be matched and a desired Q, read the 
reactances of 
the network components 
from 
the 
charts. 
3. 
XL1' is equal to the quantity Xli obtained from the 
tobies plus |Xcout|. 


4. 
This completes the network. 


Q 
XL1 
XL2 
XC1 
Rl 
Q 
XL1 
XL2 
XC1 
Rl 
Q 
XL1 
XL2 
XC1 
Rl 


26 
10 
43.33 
26 
175 
122.47 
101.46 
175 
?• 
68 
77.46 
47.9 
34 
27 
14.14 
42.09 
27 
200 
132.29 
109.72 
200 
2 
72 
80.62 
49.83 
36 
28 
17.32 
41.59 
28 
225 
141.42 
117.54 
225 
2 
76 
83.67 
51.72 
38 
29 
20 
41.43 
29 
250 
150 
125 
250 
2 
80 
86.6 
53.59 
40 
30 
22.36 
41.46 
30 
275 
158.11 
132.14 
275 
2 
84 
89.44 
55.43 
42 
32 
34 
26.46 
30 
41.85 
42.5 
32 
34 
300 
165.83 
139 
300 
2 
2 
88 
92 
92.2 
94.87 
57.23 
59.01 
44 
46 
2 
22 
15. Bl 
23.75 
11 
36 
33.17 
43.29 
36 
2 
24 
22.36 
24.52 
12 
2 
96 
97.47 
60.77 
48 
38 
36.06 
44.16 
38 
2 
26 
27.39 
25.51 
13 
2 
100 
100 
62.5 
50 
40 
38.72 
45.08 
40 
2 
28 
31.62 
26.59 
14 
2 
no 
106.07 
66.73 
55 
42 
41.23 
46.04 
42 
2 
30 
35.36 
27.7 
15 
2 
120 
111.8 
70.82 
60 
44 
43.59 
47.01 
44 
2 
32 
38.73 
28.83 
16 
2 
130 
117.26 
74.8 
65 
46 
45.83 
48 
46 
2 
34 
41.83 
29.96 
17 
2 
140 
122.47 
78.66 
70 
48 
47.96 
49 
46 
2 
36 
44.72 
31.09 
18 
2 
ISO 
127.48 
82.43 
75 
50 
50 
50 
SO 
2 
38 
47.43 
32.22 
19 
2 
160 
132.29 
86.1 
80 
55 
54.77 
52.49 
55 
2 
40 
50 
33.33 
20 
2 
170 
136.93 
89.69 
85 
60 
59.16 
54.96 
60 
2 
42 
52.44 
34.44 
21 
2 
180 
141.42 
93.2 
90 
65 
63.25 
57.4 
65 
2 
44 
54.77 
35.54 
22 
2 
190 
145.77 
96.63 
95 
70 
67.08 
69.79 
70 
2 
46 
57.01 
36.62 
23 
2 
200 
150 
100 
100 
75 
70.71 
62.13 
75 
2 
48 
59.16 
37.7 
24 
2 
250 
169.56 
115.93 
125 
80 
74.16 
64.43 
80 
2 
50 
61.24 
38.76 
25 
2 
300 
187.08 
130.62 
150 
85 
77.46 
66.69 
85 
2 
52 
63.25 
39.82 
26 
2 
350 
203.1 
144.34 
175 
90 
80.62 
68.9 
90 
2 
54 
65.19 
40.86 
27 
2 
400 
217.94 
157.26 
200 
95 
83.67 
71.07 
95 
2 
56 
67.08 
41.9 
28 
2 
4S0 
231.84 
169.51 
225 
100 
86.6 
73.21 
100 
2 
58 
68.92 
42.92 
29 
2 
500 
244.95 
181.19 
250 
125 
100 
83.33 
125 
2 
60 
70.71 
43.93 
30 
2 
SSO 
257.39 
192.37 
275 
ISO 
111.8 
92.71 
ISO 
2 
64 
74.16 
45.93 
32 
2 
600 
269.26 
203.11 
300 
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Q 
XL1 
XL2 
XC1 
Rl 
Q 
XL1 
XL2 
XC1 
Rl 
Q 
XL1 
XL2 
XC1 
Rl 


119 
200 
77.27 
17 
8 
256 
318.59 
144.73 
32 
9 
675 
552.27 
306.8 
75 


126 
206.16 
80.91 
18 
8 
272 
328.63 
151.65 
34 
9 
720 
570.53 
321.4 
80 


133 
212.13 
84.5 
19 
8 
288 
338.38 
158.46 
36 
9 
765 
588.22 
335.67 
85 


140 
217.94 
88.04 
20 
8 
304 
347.85 
165.14 
38 
9 
810 
605.39 
349.63 
90 


147 
223.61 
91.53 
21 
8 
320 
357.07 
171.71 
40 
9 
855 
622.09 
363.31 
95 


1S4 
229.13 
94.97 
22 
8 
336 
366.06 
178.18 
42 
9 
900 
638.36 
376.71 
100 


161 
234.52 
98.37 
23 
8 
352 
374.83 
184.56 
44 
9 
1125 
714.14 
440.24 
125 


168 
239.79 
101.73 
24 
8 
368 
383.41 
190.83 
46 
9 
1350 
782.62 
498.94 
150 


175 
244.95 
105.05 
25 
8 
384 
391.79 
197.02 
48 
9 
1575 
845.58 
553.81 
175 


182 
250 
108.33 
26 
8 
400 
400 
203.13 
50 
9 
1800 
904.16 
605.54 
200 


189 
254.95 
111.58 
27 
8 
440 
419.82 
218.04 
55 
9 
2025 
959.17 
654.64 
225 


196 
259.81 
114.79 
28 
8 
480 
438.75 
232.49 
60 
9 
2250 
1011.19 
701.48 
250 


203 
264.58 
117.97 
29 
8 
520 
456.89 
246.53 
65 
9 
2475 
1060.66 
746.36 
275 


210 
224 
269.26 
278.39 
121.11 
127.31 
30 
32 
8 
8 
560 
600 
474.34 
491.17 
260.2 
273.52 
70 
75 


9 
2700 
1107.93 
789.51 
300 


10 
10 
20 
30 
40 
50 
60 
70 
80 
80 
100 
110 
120 
130 


50.5 
87.18 
112.47 
133.04 
150.83 
166.73 
181.25 
194.88 
207.24 
219.09 
230.33 
241.04 
251.3 


9.17 
17.2 
24.74 
31.91 
38.8 
45.45 
51.89 
58.16 
64.26 
70.23 
76.06 
81.78 
87.38 


1 
2 
3 


4 
5 
6 
7 
8 
9 
10 
11 
12 
13 


238 
287.23 
133.39 
34 
8 
640 
507.44 
286.52 
80 
252 
295.8 
139.36 
36 
8 
680 
523.21 
299.23 
85 
10 
10 
266 
304.14 
145.23 
38 
8 
720 
538.52 
311.66 
1 90 
280 
312.25 
151 
40 
8 
760 
553.4 
323.84 
95 
10 
10 
10 
294 
320.16 
156.68 
42 
8 
800 
567.89 
335. 78 
100 
308 
327.87 
162.27 
44 
8 
1000 
635.41 
392.36 
125 
322 
335.41 
167.78 
46 
8 
1200 
696.42 
444.63 
150 
10 


336 
350 
385 
420 
455 


342.78 
350 
367.42 
384.06 
400 


173.21 
178.57 
191.66 
204.34 
216.67 


48 
50 
55 
60 
65 


8 
8 
8 
8 
8 


1400 
1600 
1800 
2000 
2200 


752.5 
804.67 
853.67 
900 
944.06 


493.49 
539.57 
583.29 
625 
664.96 


175 
200 
225 
250 
275 


10 
10 
10 
10 
10 
10 
490 
41S.33 
228.66 
70 
8 
2400 
986.15 
703.38 
300 
525 
560 
595 
630 
665 
700 
875 
1050 
1225 
1400 
1575 


430.12 
444.41 
458.86 
471.7 
484.77 
497.49 
556.78 
610.33 
659.55 
705.34 
748.33 


240.35 
251.76 
262.91 
273.82 
284.51 
294.99 
344.63 
390. 49 
433.36 
473.78 
512.14 


75 
80 
85 
80 
85 
100 
125 
150 
175 
200 
225 


10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 


140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 


261.15 
270. 65 
279.82 
288.7 
297.32 
305.7 
313.85 
321.79 
329.55 
337.12 
344.53 
351.78 


92.89 
98.29 
103.61 
108.85 
114.01 
119.09 
124.1 
129.05 
133. 93 
138.75 
143.51 
148.22 


14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 


9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 


9 
18 
27 
36 
45 
54 
63 
72 
81 
90 
99 


40 
75.5 
98.99 
117.9 
134.16 
148.66 
161.86 
174.07 
185.47 
196.21 
206.4 


8.37 
15.6 
22.4 
28.88 
35.09 
41.09 
46.91 
52.56 
58.07 
63.45 
68.71 


1 
2 
3 
4 
5 


6 
7 
8 
9 
10 
11 
1750 
788.99 
548.73 
250 
9 
108 
216.1 
73.86 
12 
10 
260 
358.89 
152.87 
26 
1925 
2100 
827.65 
864.58 
583.79 
617.5 
275 
300 
9 
9 
9 


117 
126 
135 


225.39 
234.31 
242.9 


78.92 
83.88 
88.76 


13 
14 
15 


10 
10 
10 


270 
280 
290 


365.86 
372.69 
379.41 


157.47 
162.03 
166.53 


27 
28 
29 
e 
8 
27.39 
7.6 
1 
8 
16 
63.25 
14.03 
2 
9 
144 
251.2 
93.55 
16 
10 
300 
386.01 
170.99 
30 


8 
24 
85.15 
20.1 
3 
9 
153 
259.23 
98.28 
17 
10 
320 
398.87 
179.78 
32 


8 
32 
102.47 
25.87 
4 
9 
162 
267.02 
102.93 
18 
10 
340 
411.34 
188.4 
34 


8 
40 
117.26 
31.42 
5 
9 
171 
274.59 
107.51 
19 
10 
360 
423.44 
196.87 
36 


8 
48 
130.38 
36.77 
6 
9 
180 
281.96 
112.03 
20 
10 
380 
435.2 
205.2 
38» 
8 
56 
142.3 
41.95 
7 
9 
189 
289.14 
116.49 
21 
10 
400 
446.65 
213.38 
40 


8 
64 
153.3 
46.99 
8 
9 
198 
296.14 
120.89 
22 
10 
420 
457.82 
221.44 
42 


8 
72 
163.55 
51.9 
9 
9 
207 
302.99 
125.23 
23 
10 
440 
468.72 
229.37 
44 


8 
80 
173.21 
56.7 
10 
9 
216 
309.68 
129.53 
24 
10 
460 
479.37 
237.19 
46 


8 
88 
182.35 
61.39 
11 
9 
225 
316.23 
133.77 
25 
10 
480 
489.8 
244.9 
48 


8 
96 
191.05 
65.93 
12 
9 
234 
322.65 
137.97 
26 
10 
500 
500 
252.5 
50 


8 
104 
199.37 
70.49 
13 
9 
243 
328.94 
142.12 
27 
10 
550 
524.64 
271.07 
55 


8 
112 
207.36 
74.91 
14 
9 
252 
335.11 
146.22 
28 
10 
600 
548.18 
289.07 
60 


8 
120 
215.06 
79.26 
15 
9 
261 
341.17 
150.28 
29 
10 
650 
570.75 
306.56 
65 


8 
128 
222.49 
83.54 
16 
9 
270 
347.13 
154.3 
30 
10 
700 
592.45 
323.58 
70 


8 
136 
229.67 
87.74 
17 
9 
288 
358.75 
162.23 
32 
10 
750 
613.39 
340.18 
75 


8 
144 
236.64 
91.89 
18 
9 
306 
370 
170 
34 
10 
800 
633.64 
356.37 
80 


8 
152 
243.41 
95.97 
19 
9 
324 
380.92 
177.63 
36 
10 
850 
653.26 
372.21 
85 


8 
160 
250 
100 
20 
9 
342 
391.54 
185.14 
38 
10 
900 
672.31 
387.7 
90 


8 
168 
256.42 
103.97 
21 
9 
360 
401.87 
192.52 
40 
10 
950 
690.83 
402.87 
95 


8 
176 
262.68 
107.9 
22 
9 
378 
411.95 
199.78 
42 
10 
1000 
708.87 
417.74 
100 


8 
184 
268.79 
111.77 
23 
9 
386 
421.78 
206.93 
44 
10 
1250 
792.94 
488.23 
125 


8 
192 
274.77 
115.59 
24 
9 
414 
431.39 
213.98 
46 
10 
1500 
868.91 
553.36 
150 


8 
200 
280.62 
119.38 
25 
9 
432 
440.79 
220.93 
48 
10 
1750 
938.75 
614.25 
175 


8 
208 
286.36 
123.11 
26 
9 
450 
450 
227.78 
50 
10 
2000 
1003.74 
671.66 
200 
8 
216 
291.98 
126.81 
27 
9 
495 
472.23 
244.52 
55 
10 
2250 
1064.78 
726.14 
225 


8 
224 
297.49 
130.47 
28 
9 
540 
493.46 
260.74 
60 
10 
2500 
1122.5 
778.12 
250 
8 
232 
302.9 
134.09 
29 
9 
585 
513.81 
276.51 
65 
10 
2750 
1177.39 
827.92 
275 
8 
240 
308.22 
137.67 
30 
9 
630 
533.39 
291.85 
70 
10 
3000 
1229.84 
875.8 
300 
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AAS 
SYSTEMIZING RF POWER AMPLIFIER DESIGN 


INTRODUCTION 
Two of the most popular RF small signaldesign tech 
niques are: 
1) the use of two port parameters,and 
2) the use of some type ofequivalent circuit for the 


transistor. 
Early attempts to adapt these techniques to power ampli 
fierdesign led to poor results and frustration. 
In the mid-1960's, Motorola pioneered the concept of 
solid state power amplifier design through the use of large 
signal transistor input and output impedances. This sys 
tem has since achieved almost universal acceptance by solid 
state communications equipment manufacturers. It pro 
vides a systematic design procedure to replace what used 
to be a trial and error process. This note is a description 
of the concept and its use in transmitter design. 


LIMITATIONS OF SMALL-SIGNAL PARAMETERS 
As a vivid example to show the short-comingsof trying 
to adapt small-signal parametersto power amplifier design, 
the 2N3948 transistor was considered. 
A performance 
comparison was made of the 2N3948 operating at 300 
MHz as a Class A small-signal amplifier, and as a Class C* 
power amplifier deliveringa power output of 1 W. Table I 
shows the results of this comparison. 


CLASS A 
Small-signal amplifier 
Vce-1SVde;lc-80mA; 
300 MHi 


CLASS C 
Power amplifier 
VCE = 13.6 Vdc- 
>„-1W 
Input resistance 
Input capacitance 


or inductance 
Translator output 


raslatanca 
Output capacitance 
GpE 


9 Ohmt 


0.012 HH 


199 Ohmt 
4.6 pF 


12.4 dB 


38 Ohmt 


21 pF 


92 Ohmt 
S.OpF 


8.2 dB 


Tabla I — Small- and targe-tlgnal parformanca data for tha 2N3948 
thow tha inadequacy of using small-signal characterization data for 
targe-signal amplifier datlgn. Retittencei and raactancat shown ara 
parallel components. 
That is, tha large-signal input impedance is 
38 ohms in parallel with 21 pF. ate. 


The most striking difference in this comparison is in 
the deviceinput impedance. As operationischanged from 
small-signal to large-signal conditions, the complex input 
impedanceof the 2N3948 undergoes a considerable change 
in magnitude and actuallychangesfrom inductive to capa 


citive reactance. 


•Class C, as used here, refers to operation with both the emitter 
and base at dc ground potential and with the collector supply as 
the only dc voltage applied, regardlessofresulting device conduction 


Note also that the transistor's output resistances and 
power gains are considerably different for the two modes 
of operation. 
This example clearly demonstrates the in 
accuracies that would result in a power-amplifier design 
based on the small-signal parameters of this device. 


IMPORTANCE OF LARGE-SIGNAL PARAMETERS 
The network theory for power amplifier design is well 
known but is useless unless the designer has valid input 
and output impedance data for the transistor. The design 
method described in this report hinges primarily on the 
direct measurement of these parameters for use in network 
synthesisequations. Large-signal impedance data, together 
with power output and gain data, provide the designer 
with the information necessary to design his amplifier net 
works and to predict the performance that should bea- 
chieved when the design is completed. 
A clear understanding of the test conditions and method 
of presentation for the large signal impedance data is im 
portant. 


TEST CONDITIONS 


The term "large-signal input impedance" and "large- 
signal output impedance" refer to the actual transistor 
terminal impedances when operating in a matched ampli 
fier at the desired RF power output level and dc supply 
voltage. 
"Matched" is defined as the condition where the input 
and output networks of the test amplifier provide a con 
jugate match to the transistor, such that the input and 
output impedances of the amplifier are 50 + j 0 ohms. 
Large-signal impedances should not be confused with 
small-signal, two port parameterswhich are normally meas 
ured at low signallevels with Class A bias and the transistor 
(or IC) connected directly to a short, open, or SO ohm 


termination. 
Most of the data which appears on Motorola RF power 
transistor data sheets is measured in common emitter. Class 
Camplifiers;asthisconditioncoversthe majorityofdevice 
applications. 
One significant exception to this involves transistors 
characterized for Class B linear power amplifier service. 
Examples of such transistorsare the Motorola 2NS941-2 
series. Since these transistorsare designed specifically for 
linear service, their large-signal impedances were measured 
in alinearpower amplifier test circuit with a two tone test 
signal instead of the conventional single frequency signal. 
, For further information on these transistors see the 


angle. Usually, the emitter is connected direcUyto chassisground 
and the base is dc grounded through an inductive network element 
or choke. 
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Ii (1 
VCC " 12 5 Vdc 
1 


vV 


3.0 
\ 
V 


2 
0 
v \poul"20W 
V, x^^ 


1.0 


0 
35 
40 
50 


I. FREQUENCY (MHz) 


FIGURE 1 - 
Parallel Equivalent Input 
Resistance versus Frequency 


1 
1 
VCC " 12-5 Vdc 


20 W 


I. FREQUENCY (MHz) 


FIGURE 3 - 
Parallel Equivalent Output 
Capacitance versus Frequency 


Motorola 2N5941-2 data sheet. 


DATA FORMAT 


Much of the information on device data sheets is pre 
sented in parallel equivalent form of resistance and capa 
citance. 
Figures 1-3 form an example of this type of 
presentation. 
The data may also be presented in series 
equivalent form. 
It makes no difference which form is 
used as long as the designer pays particular attention to 
the form and uses the data accordingly. As a convenience, 
the series-parallelequivalent conversion equations are given 
in Appendix A. 
For example, reading the complex input impedance, 
from Figures 1 and 2 at 50 MHz with 40 Woutput and a 
12.5 Vdc collector supply, we obtain a value of 0.8 ohms 
resistance in parallel with a 500 pF capacitance. 
Another form of impedance data presentation uses the 
series equivalent form 
plotted on a Smith Chart. 
This 
form is popular with UHF power transistors due to the 
extensive use of the Smith Chart in microstrip network 
synthesis. Figure 4 is an example of large-signal impedances 
plotted on a Smith Chart plot. Note that Figure 4 includes 
complete complex output impedance data, not just the 
output capacitance. 
This topic is discussed more fully in 


the section on collector load resistance. 


3000 


2500 
Vcc = 12.5 Vdc 
~*^-L 
~--\^^- 


^ 
sNJVNsPou, -20W 


40 W^*-"*-^. 
\ 


s 


I. FREQUENCY IUH1 


FIGURE 2 - Parallel Equivalent Input 
Capacitance versus Frequency 


AMPLIFIER DESIGN 


After selection of a transistor with the required per 
formance capabilities, the next 
step in the design of a 
power amplifier is to determine the large-signal input and 
output impedances of the transistor. 
When using devices 
for which the data is available, this step involves nothing 
more than reading the complex impedance values off of 
the data sheet. 
If only output capacitance is given on the 
data sheet, the collector load resistance may be calculated 


in the manner described in the Collector Load Resistance 
Section of this note. 


Again, the designer is cautioned to carefully determine 
whether the data sheet impedance curves are in parallel 
or series equivalent form, and to use the data accordingly. 
If the 
data is not available, a later section of this note 
contains information on large-signal impedance measure 


ment. 


FIGURE 4 - 
Large Signal Input and 
Output Series Impedances. 2N6256 
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Having determined the large-signal impedances, the de 
signerselectsa suitablenetworkconfigurationand proceeds 
with his network synthesis. 
The primary purpose of this note is to describe the 
large-signal impedanceconcept. Accordingly, network selec 
tion and synthesis are beyond the scope of this discussion. 
Forspecifictransmitter designexamplesusingthis concept, 
thereaderisreferredto the following MotorolaApplication 
Note: AN-S48A. 


COLLECTOR LOAD RESISTANCE 


Large-signal impedance data at HF and VHF have for 
the most part been published by Motorola without collec 
tor load resistance information. Hie reason is that the load 
resistance can easily be calculated. 
The conditions nec 
essary to obtain this load resistance derivation will now be 


discussed. 
If certain simplifying assumptions are made, the theo 
retical collector voltage of a power amplifier with a tuned 
output network is a sine wave which swings from zero to 
2 Vcc. where Vcc Is me dc collector supply voltage. 
These assumptions include: 
1. VcE(sat) 's e£Iualt0 zero- 
2. The output network has sufficient loaded Q to pro 
duce a sine wave voltage regardless of transistor con 
duction angle. 
3. The voltage drop in the dc collector supply feed 
system is zero. 
4. The collector load impedance at all harmonics of the 
operating frequency is zero. 
Obviously none of the foregoing assumptions is true, 
and the most serious discrepancies probably arise from 
assumptions 1and 4. However,conditions are close enough 
to give good results. 
Let us assume for a moment that this theoretical con 
dition does exist. 
The parallel equivalent collector load 
resistance, Rl', then becomes a function of desired RF 
output power and Vcc only. 
The expression for Rl' 
given in equation 1 is readily derived. 
(Vcc)2 
RL' = 
2P 
(I) 


where P = RF output power 


Therefore, the complex collector load impedance for 
an amplifier design would be the conjugate of the parallel 
equivalent output capacitance and collector load resistance 
computed with Equation 1. 
Figure S provides a graphic solution to Equation I for 
the four popular dc supply levels of 12.S, 13.6, 24 and 28 
volts. 
Despite the assumptions required, experience with HF 
and VHF lumped-component, power amplifierswith supply 
voltages from 7 to 30 Vdc and power output levelsfrom a 
few tenths of a watt to 300 watts have proven that the 
use of Equation I to compute Rl' for network synthesis 
yields good results. 
That is to say, the types of HF and 
VHF lumped component collector output networks which 
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FIGURE 5 — Collector Load Resistance versus 
Power Output 


haveprovedbest from the standpoint of proper impedance 
matchingwith lowlossesand smooth tuning generally have 
a sufficient tuning and matching range to compensate for 
any errors associated with Equation 1. 
Ofcourse iftheVcE(sat) °f tnetransistor isaccurately 
known for the frequency of operation and collector current 
swingsanticipated in a particular amplifier. Equation 1 is 
readily modified as follows: 


Rl' 
(VcC-VcE(sat))2 


2P 
(2) 


Theadventof greatly increased numbersof UHFpower 
transistors and their associated amplifier design problems 
broughtsomerevisions to Motorola'smethods of presenting 
large-signal transistor impedances forUHFdevices. Among 
thereasonsfor this are the popularity of microstrip match 
ing networks andthehigher VcE(sat) values at UHF. 
Themajordifferencein the data format involves output 
impedance, which is presented in full complex form in 
stead of plotting parallel equivalent output capacitance 
only and using Equation 1 to compute the load resistance. 
Further,the UHFdevices are measuredin a microstrip test 
amplifier for the purpose of determining the transistor im 
pedances in an environment which is as close as possible 
to that of the majority of the actual applications of the 
device. And finally, a Smith Chart plot is used as this is 
more convenient to the microstrip network designer, who 
often makes extensive use of the Smith Chart as a design 
tool. 
Future Motorola data sheets may also include collector 
load resistance data at frequencies below UHF. The infor 
mation is automatically generated for the test circuit in 
use while measuring Cjn, Rjn and C0ut- 


PARAMETER MEASUREMENT 


Although design engineers will find hrge-signal impe 
dance characterization on Motorola data sheets for RF 
power transistors, it may help to know how this data is 
obtained. The transistor is placed in a test circuit designed 
to provide wide tuning capabilities. 
Design of the first 
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test amplifier for a new transistor type is based on esti 
mates of input and output impedance. 
Since the input and output impedances are needed to 
design an amplifier which is then used to measure the im 
pedances of the device, we have a "chicken or the egg" 
type of problem. Wide tuning range networks help com 
pensate for errors in the impedance estimates and they 
also permit the same characterization amplifier to be used 
at multiple power output levels. 
The amplifier is tuned for a careful impedance match 
at both input and output. Several precautions are in order 
to insure that this is accomplished. 
Tuning for maximum power output is valid only if the 
source and load impedances are an accurate 50 + j 0 
ohms. 
Usually a good 50 ohm load is available in the 
laboratory. 
Such a load should be used, as tuning for 
maximum output power for a given input power is the 
best method to use on the amplifier output network. 
The input network poses some additional problems. 
First, many laboratory RF power sources are not accurate 
50 ohm generators. A generator impedance that is not 50 
ohms can introduce errors in measuring gain as well as 
input impedances. Inaddition, a source with high harmon 
ic levels can cause difficulties in low Q input networks. 
A good solution to this problem is to use a dual direc 
tional coupler or directional power meter in the coax line 
between the generator and the test amplifier. The amplifier 
isthen tuned for zero reflected power, thus indicating that 
the input network is really matching the transistor input 
impedance to 50 +j 0 ohms. 
In practice, the reflected power usually will not null all 
the way to zero, so one should insure that the null is at 
least as deep as that obtained with a good 50 ohm passive 


termination. 
fn some cases, the amplifier will reflect enough harmonic 
power to prevent a satisfactory reflected power null from 
being obtained. 
A good solution to this problem is to 
place a fundamental frequency bandpass filter at the re 
flected power port of the dual directional coupler. 
A typical test amplifier for HF and VHF measurements 
is shown in Figure 6. 
For UHF device characterization, 
amplifiers employing microstrip matching networks are 
most commonly employed. 
After the test amplifier has been properly tuned, the dc 
power, signal source, circuit load, and test transistor are 
disconnected from the circuit. Then the signalsource and 
output load circuit connections are each terminated with 
50 ohms. After performing these substitutions, complex 
impedances are measured at the base and collector circuit 
connections of the test transistor (points A and Brespect 
ively in Figure 7). The desired data, the transistor input 
and output impedances, will be the conjugates of the base 
circuit connection and the collector circuit connection, 
impedances respectively. 
Byoperating test amplifiers at severaldifferent frequen 
cieswith at least two power outputs, sufficient data can be 
obtained to characterize a transistor for the majority of its 
power applications. 


RL-50O 


FIGURE 6 - Typical Test Amplifier Circuit 


rrnrrxr#Q* 


vcc 6 


Complox impedances are measured at tha 


base and collector circuit connections of the 
test transistor (points A and B respectively). 
Desired data will be the conjugates of these 
impedances. 


FIGURE 7 - 
Test Circuit with Transistor 
Removed 


SUMMARY 


Thelarge-signal impedancecharacterization of RF power 
transistors has provided the most systematic and successful 
poweramplifierdesignmethod the author has encountered 
sincethe concept wasexplored in depth in the mid 1960's. 


APPENDIX A 


PARALLEL-TO-SERIES AND SERIES-TO-PARALLEL 
IMPEDANCE CONVERSION EQUATIONS. 
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UHF AMPLIFIER DESIGN 
USING DATA SHEET DESIGN CURVES 


INTRODUCTION 


The designof UHF amplifiersusually involvesa parti 
cular set of device parametersof which h, y, and s param 
etersareprobablythe most familiar. These parameters are 
commonlyusedto determine device loading (inputandout 
put) admittances for particular gain and stabilitycriteria. 
The design procedure for determining gain and stability 
usually involves a mathematical solution, a graphical ap 
proach,or a combinationofboth. 
This report describes a design techniquefor the unneu- 
tralized case whereby the device loading admittances are 
taken directly from device design curves. An exampleis 
given of how thesedesign parameters are usedto design a 
single stage 1 GHz microstrip amplifier and predicted re 
sults are compared to actual measuredvalues. Practical 
circuit construction techniques are alsodiscussed for the 
benefit of readers unfamiliar with microstrip techniques. 


STABILITY CONSIDERATIONS 
Two very important methods1 for expressing stability 
involve LinvilTs stability factor "C" and Stern's stability 
factor "k". The first deals primarily with the devicesince 
anopentermination isassumed on both the input andout 
put andis formulated: 
|yi2yi2i 
C = 2g11g22-Re<yi2y2i)' 
If "C" is greater than 1, the transistor is potentially un 
stable. 
However, if C is less than 1, the transistor is un 
conditionally stable. The C factor versus frequency for 
the common base and common emitter configurations 
(2N4957) are shown in Figures 10and17respectively. 
The second method is primarily circuitoriented andis 
usedto compute the relative stabilityof an actual ampli 
fier circuit for the particular sourceandloadterminations 
used. If "k" is greater than 1, the circuitisstable. If "k" 
islessthan 1 the circuitis potentially unstable 
Stern has developed equationsforcalculating the input 
andoutput loading admittances formaximumpower gain 
witha particular stability factor, k. These values of input 
and output admittances in conjunction with the device 
parameters can then be used to calculate the transducer 
gain.' 


4 


•I 


k = 2(gii+Gs)(g22+OL) 
ly^i^^y^.* 


kQyi2y2il +R«<yi2y2ill hi 


822 
-811 


k0yi2y2il+R«{yi2y2i)] /g22 
-822 
811 


(Gs +8ii)Zo 
BS= Vk[fy,2y21|+Rey12y21l "bl1 


BL = 
(Gl +822)Zo 
-b22 


Where, 


Z = (Bs •*• bi i) (Gl+822) +(BL+b22) k(L+M)/2(GL+g22) 
Vk(L +M) 


L= 1^12^211 


M= Re(y12y21) 


DefiningD as the denominator in Gj expression yields: 
D=Z4 +|k(L+M)+2M] Z2 .^^g^fr^ 


^e, 
A=«klM) _M 


N=Im(y12y2i). 


and, 


Zq =that real valueof Z which resultsin the smallestmini 
mum of D, found by setting, 


^ =Z3+[k(L+M)+2M] Z-2N»/k(L+M). 
dZ 


equal to zero. 
4Re(Y8)Re(YL)|y21|: 
GT = Kyu +YsMy^+YLJ-y^y^R 


k 
= Stem's stability factor 
Gs 
= Real part of thesource admittance 
Gl 
° Realpartof theloadadmittance 
Bs 
= Imaginary partof the source admittance 
Bl 
s Imaginary partof the loadadmittance 
Sll 
= Real part of yn 


g22 
= Real part ofy22 
Yl 
° Complex loadadmittance 


Ys 
= Complex sourceadmittance 
Gt 
= Transducer gain 
Yin 
s 
Input admittance 


YoUT 
° 
Output admittance 
Gmax 
s Maximum gain withoutfeedbsk 


MOTOROLA RF DEVICE DATA 


7-44 


AN419 


Computersolutionsof theseequationsforvariousvalues 
of k versus frequency havebeen plotted in Appendix I for 
the 2N4957. These curves include common-base (Figures 
10 through 16) and common-emitter (Figures 17through 
22). 
From thesecurves,the designer candeterminethe input 
and output loadingadmittances for maximum powergain 
at a particularcircuit stability. In addition, the transducer 
power gain under these conditions can also be determined. 
Thus the designer, rather than readings or y parameters 
from acurveand usingthis information to designanampli 
fier, has all the design equationssolvedand presented in 
convenient, computer-derived design curves. 
The following example demonstrates how these curves 
canbe utilized in the designof a 1GHz amplifier usingthe 
2N4957. In addition, a second example is shown to de 
monstrate the special case where input admittance is de 
termined primarily by noise figure considerations rather 
than by maximum power gain. 


1 GHz AMPLIFIER DESIGN 


A preliminary investigationof stability and powergain, 
common-emitter and common-base,can be quickly made 
from the design curves. For instance, the unilateralized 
gain (Figure 8) at 1GHz isapproximatelyIS dB foreither 
the common-emitteror common-base configuration. Also, 
theC factor forthecommon-base configuration (Figure 10) 
isgreater than one andindicatespotentialdeviceinstability. 
However, the C factor forthe common-emitter configura 
tion (Figure 17) is less than one and indicates uncondi 
tional device stability. 
Figures 16 and 22 are key curvesthat show transducer 
power gain for the common base and common emitter 
configuration respectively. 
Assuming a circuit stability 
factor of4*,power gain isapproximately 15 dB, common- 
base. Although the common-emitter curve is hot extended 
to 1 GHz(since thisisa region of unconditional stability) 
power gain for k = 4 would be obviously much lessthan 
15 dB. 
Using the common base configuration with k - 4, the 
required input andoutput admittance formaximum power 
gain can be determined directly from Figures 11 through 
16. 
Forinstance, the real partof theoutput admittance can 
be read from eitherFigure 11 or 12. Figure 12is anex 
panded version of Figure 11 and is intended to facilitate 
lower frequency use.The imaginary portion of theoutput 
admittance isshownin Figure 13. Figures 14and 15show 
the real and imaginary portions of the input admittance 
respectively. The resultant input andoutput admittances 
areshown in Figure 1 and are summarized: 


Conditions: (2N4957) 


VCE =10V 


IC 
= 2 mA 


f 
= 1GHz 
Gt 
=15dB 


k 
=4 


Input admittance =69.5 mmhos+J27.1 mmhos 
Output admittance= 1.53mmhos -j7.46 mmhos 


It becomesapparent that the emitter must "see" anad 
mittance of69.5 mmhos shunted by asusceptanceof+j27.1 
mmhos. The latter, in terms ofa lumped constant element, 
would be a lossless capacitor. 
Likewise, the collector 
would be required to see an admittance of 1.53 mmhos 
shunted by -J7.46 mmhos. 
The latter, in terms of a 
lumped-constant element, would be a lossless coil. This 
loading willresultin a stability factor,k, of4 and a power 
gainof 15 dB, the maximum powergainpossible for k =4. 
This loading does not include stray capacitance. If stray 
capacitance is assumed to be 1 pF, the actual load is 1.53 
mmhos-j13.5 mmhos (see Figure 1). 


INPUT 
NETWORK 


(69.5+121.3) mmhos 


2N49S7 
UNDER 
TEST 


(1.53-p 3.61 mmhos 


OUTPUT 
NETWORK 


f -1 GHz 


CE -10 V 


'C -2 mA 


FIGURE 1 -COMMON BASE INPUT AND OUTPUT 
ADMITTANCES INCLUDING STRAY CAPACITANCE 


To facilitate instrumentation, both the source and load 
impedance will be 50 ohms. This admittance level must be 
transformed to the required device loading admittance. 
Micro strip techniques provide a convenient method of 
achieving this transformation without circuit reprodu 
cibility and component loss problems that are common 
with many lumped constant circuitsat this frequency. 
The Smith Chart is a convenient design tool for solving 
transmission line problems of this type. Since spacedoes 
not permit, familiarity with this chart will be assumed. 


♦For the purpose of this report a stability factor of 4 is 
chosen. Values of k lessthan4 may not proveto be ad 
vantageous from the standpoint of regeneration and 
parameter spread. 
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FIGURE 2 - 
OUTPUT NETWORK DESIGN 


Startingwith the output circuit, both the 50 ohm(20 
mmhos) load and the desired collector admittance are 
plotted on the Smith Chart (see Figure 2). As a starting 
point, a characteristic admittance of 20 mmhos will be 
assumed. 
First, the 20 mmho load is plotted (point A, 
Figure 2), then point B is plotted (1.53 mmhos —j 13.5 
mmhos). 
Although many different methods exist for transform 
ing point A to point B (see Figure 2). a direct, and as 
it turns out, practicalapproach is that shown in Figure 3. 
ThiscircuitusesC1 inparallel with Rl to varythe SWR of 
point A(Figure 2) to pointC. Since pointChasthesame 
SWR as point B, a line Li withan electrical length equal 
to 0.405X2 (point E) minus 0.214X (point D) will com 
plete the transformation. 
Collector tuning is available 
with component C2. This variable capacitor provides the 
difference between the assumedstray capacitance and the 
actual circuit stray capacitance. 
The required SWR could havebeen realizedby usingan 
inductor in place ofC1. However, 3ninductor would have 
either forced the bias feed-point to be changed to the 
collector lead or necessitated a dc- isolated coil. Although 
this isreadily attainable usingtransmission line techniques, 
the variable component Ci ismoreconvenient. A typical 
curveof Q versus capacitance for (C[) is shown in Figure 


4. 
The output bias is fed through a 4000 ohm resistor 
rather than an RF choke. The resultant 8 volt drop across 
this resistor is easier to contend with than the circuit in 
stabilities sometimes associated with RF chokes. 


The same procedure is followed in designing the input 
network(see Figure 5). Again,a stray capacitance of 1 pF 
is assumed. Thus, the actual input loading becomes 69.5 
mmhos +J21.3 mmhos. First, the20mmho loadisplotted 
(see Point T, Figure 6). 
Next, point W is plotted (69.5 
mmhos +J21.3 mmhos). 
Adjusting the SWR with C3 
(point V) allows a transmission line of length L2 to trans 
form the admittance at point V to the desired levelat the 
base (point W). 
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FIGURE 3 - OUTPUT NETWORK 
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FIGURE 4 - Q versusCAPACITANCE FOR C-,@1 GHz 
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FIGURE 5 - 
INPUT NETWORK 
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CIRCUIT CONSTRUCTION 


The transmission line lengths L( and L2 are readily 
transferred to micro-strip lengths once the wavelength and 
line-width are known. Hopefully, this information is avail 
able from the manufacturer, but if not, it must be meas 
ured before the design can be completed. The laminate 
used for this application required a line-width of approx 
imately 0.16 inches for a 20 mmho characteristic admit 
tance. This value proved adequate both from a realizable 
designsolution on the Smith Chart and also from a practic 
able circuit construction standpoint. 
The actual laminate thickness depends to a large extent 
on the desired characteristic impedance and the frequency 
of operation 
The line thickness for a 50 ohm line isap 
proximately 0.16 inch for a 1/16 inch laminate;and ap 
proximately 0.035 inch for the same laminate 1/64 inch 
thick. As the intended frequency of operation isincreased, 
the line width 
becomes a larger percentage of the line 
length. 
Higher ratios of line width to length may result 
in undesirable modes of operation. 
Decreasing the lami 
nate thickness results in a smaller line width for the same 
characteristic (assuming TEM operation) and a smaller 
line width to length ratio. 
The dielectric constant for the material used was 2.6. 
The actual wavelength in the laminate is: 


X (air) 
1.8 inches 
X(actual) =/To- 
V/~T6" 
= 7.34 inches 


Since Li = 0.191X, 


The physical length of L[ is 1.4 inches 


Correspondingly, L2 is0.062X or 0.455 inches. 


It should be pointed out that the actual wavelength' 
for this laminate is somewhat larger than that calculated 
from the dielectric constant. A careful measurement4 of 
wavelength versus characteristic impedance (line width) 
demonstrates this phenomena. The slight increase in wave 
length (6%) from that calculated using the dielectric con 
stant 
was judged insignificant. 
However, this error in 
creases for larger values of characteristic impedance and 
may prove to be quite significant for other laminates or 
narrower line widths. 
A good precaution would be to 
measure wavelength 
versus line width on each laminate 
used before TEM propagation is assumed. 
Although the lines can be produced by a masking-etch 
process, adequate results can be obtained by cutting the 
desired strip from a thin copper sheet and glueing this 
strip to the teflon glass board. 
The latter is a convenient 
method for making rapid design changes. 
The author observes several precautions which may or 
may not be necessary for all applications: 
I. All breadboards have a ground strap which encom 
passes the outer periphery of the board. This strip 
issoldered to both the top and bottom copper sheets 
to effectively ground the outer periphery of the am- 


FIGURE 6 - 
INPUT NETWORK DESIGN 


plifier on all four sides. The circuit dimensions are 
held to a minimum to keep the ground planes as short 
as possible. 


2. All RF connectors are carefully connected with 
grounding surfaces soldered to the ground plate. 
Forinstance, mounttheconnectors*perpendicularly 
to the board at a point where the connection to the 
center conductor is a minimum length. Completely 
solder the outer conductor to the copper sheet on 
the opposite side of the board. 
Poorly mounted 
connectors may result in poor transitions and un 
predictable impedance transformations. 
For ex 
ample, tacking the outer barrel of this connector to 
the line side of the board mayseriously alter the pre 
dicted impedance level at the collector. 


The amplifier was constructed as specified and the ad 
mittance levels were measured at the emitter and collector 
pins. These admittance levels were checked and adjusted 
to the originaldesignvalueswith C1, C2, C3, and C4 
The 2N4957 was then soldered directly into the circuit 
with minimum lead length. The resultant power gainwas 
14.3 dB and the noise figure, 6.5 dB, which is within 1 dB 
of the original design requirements. Attempts to re-adjust 
the input loading and output loading for lower noise figure 
resulted in lower noise figure with decreased circuit stabil 
ity. Although the circuit (adjusted for minimum noise fig 
ure) didn't oscillate, the calculated k factor from the re 
sultant input and output admittances was approximately 


•General Radio Cable Connector 874-G58B. 
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LOW NOISE DESIGN 


Improvement in noise figure is possible by arbitrarily 
adjusting the input and output loading. For the purpose 
of this paper, the stability factor (k = 4) will be retained. 
However, the design curves represent the maximum 
power gain case. Although the circuit stability factor can 
be maintained at k = 4, varying the source loading will re 
sult in less power gain than indicated in the designcurves. 


The procedure for this case is as follows: 
First, the optimum source resistance is calculated (see 
Appendix ) 
and found to be 43J2*The calculated noise 
figure for this source is 5 dB. In addition, the source re 
actance wasempiricallydetermined tobeinductivetjl \9Sl). 
Second, the collector loading was calculated for a stabil 
ity factor of 4. Using these values of source resistance and 
stability factor, the calculated gain (Gj) and collector 
loading is 11.8 dB and 3.41 mmhos 
7.5 mmhos (neglect 
ing stray capacitance). 


FIGURE 7 - 
LOW NOISE INPUT DESIGN 
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FIGURE 10 - 
LINVILL STABILITY FACTOR 


versus FREQUENCY 


The output network was readily adjusted to the de 
sired collector loading. However, the input line was too 
short and required re-design(see Figure 7). The calculated 
value of this line length is 1.15 inches as contrasted with 
.46 inches used in the first example. The complete ampli 
fier is shown in Figure 9. 
The resultant power gain and noise figure was 11.8 dB 
and 5.5 dB. These figures compare well with thecaJculated 
design. 
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FIGURE 8 - 
UNILATERALIZED POWER GAIN 


versus FREQUENCY 


FIGURE 9 - 
1 GHz AMPLIFIER 
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FIGURE 11 AND 12 - 
LOAD ADMITTANCE 
versus FREQUENCY (REAL) 


"The actual valueof optimum source resistance was empirically determinedto be 3Sn. Consequently thisvaluewasused lor the input circuit 
design rather than 4312. 
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FIGURE 13 - 
LOAD ADMITTANCE 
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FIGURE 15 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 17 - LINVILL STABILITY FACTOR 
versus FREQUENCY 
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FIGURE 19 - 
LOAD ADMITTANCE 
versus FREQUENCY (IMAGINARY) 
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FIGURE 14 - SOURCE ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 16 - TRANSDUCER GAIN 


versus FREQUENCY 
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FIGURE 18 - 
LOAD ADMITTANCE 
versus FREQUENCY (REAL) 
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FIGURE 20 - SOURCE ADMITTANCE 
versus FREQUENCY (REAL 
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FIGURE 21 - SOURCE ADMITTANCE 
versus FREQUENCY (IMAGINARY) 


APPENDIX 


LOW NOISE DESIGN 


The procedure followedin designing this amplifieris to 
First calculate the optimum source resistance for optimum 
noise Figure and then calculate the collector loading for a 
requiredvalue of k. 
A firstapproximationof optimum sourceresistance for 
optimumnoise Figure is:2 
RgF(opt)=Jk22+^ 


ki=rb 
+ — 
2 
k2 = rb 
+ re 


1 + 


k3 


+ re 


2B„re 


Assuming the above parameters for the 2N49S7 are: 


rb 
= 12.5 ohms 


re = 13 ohms 
Bo = 40 
fab =1600 MHz, 
.'.RgF(opt)=43 ohms 


The noise figure using this source resistanceis available 
from Nielsen's equation:2 


nr-i. re .rb ,(Rg+fe*rb>2 
2Rg 
Rg 
2 Bo Rg re 


Using the previous parameter values, 


NF = 5 dB 


1 + (Bo+,)(f7bT 


Since the impedance level is different at the base,the 
collector loading must be re-designed. 
Using Stern's stability equator for k =4 (seeTable 1): 


COMMON EMITTER 


J • 12 
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40s 
>^ 


VCE " ,0 Vdc 
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1 


I, FREQUENCY IHHi) 


FIGURE 22 - TRANSDUCER GAIN 
versus FREQUENCY 
k, 2(gll+Gs)(B22 +GL) 
|yi2y2l|+Re (yi2y2l) 


and calculatingGl forGs = 25 mmhos (40 ohms) 


Gl = 3.41 mmhos 


The transducer gain canbe calculatedfrom theseimped 
ance levels: 
4Re (Ys)Re(YL)|y2l|2 
T |(yil+Ys)(y22+YL)- 


Gt= 11.8dB 
Y12Y21 |2 


TABLE 1 


f = 1 GHz VCB=10V 
lc = 2mA 


yib =25 -j25 


yob:=0.55 +J7.54 


yfb ==-4.99+j41 


yrb ==-0.01-jl.19 
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MICROSTRIP DESIGN TECHNIQUES FOR 
UHF AMPLIFIERS 


Prepared by: 
Glenn Young 


INTRODUCTION 


This note uses a 25 watt UHF amplifier design as a 
vehicleto discuss microstripdesign techniques. The design 
concentrates on impedance matching and microstrip con 
struction considerations. A basicknowledge ofSmith chart 
techniques is helpfulin understanding thisnote. 1 
The amplifieritself, as shown in Figure 1, provides 25 
watts of output power in the 450 - 512 MHz UHF band. 
It is designed for 12.5 volt operation which makes it use 
ful formobiletransmittingequipment. A varietyof police, 
taxi, 
trucking and utility maintenance communication 
systems operate in this band. 
A summary of the performanceof the completed ampli 
fier operating with a 12.5 volt supply at 512 MHz indi 
cates a power gain of 16 dB and a bandwidth (-1 dB) of 
8 MHz. 
Overall efficiency is 48.5% and all harmonics are 
a minimum of 20 dB below the fundamental output. 


Sections on construction and device handling consider 
ations are also presented. 


MICROSTRIP DESIGN CONSIDERATIONS 
Microstrip design was used for this amplifier due to its 
inherent superiority over other methods at this frequency. 
These techniques not only offer good compatibility with 
the Motorola "stripline" package but they also offer very 
good reproducibility. 
Microstrip construction is more 
efficient than lumped constant equivalents since micro- 
strip lines are less lossy than lumped constant components. 
Microstrip board with Teflon bonded fiberglass dielec 
tric rather than the higher dielectric constant ceramics was 
chosendue to the easeof working with that type of materi 
al. 
A substrate thickness of 1/16-inch is convenient since 
a line of the same width as the transistor leads (0.225 
inch)producesareasonable characteristic impedance(ZQ)of 
40.65 ohms. The value of the characteristic impedance is 


Forrite Boods- 
All Microstrip linos 5.72 mm wida 2.5 cm long 
C1.2.3. 
470pf foodthru 
L, L2, L3 - 5 turns #20 Closowound3/16" I.O. 
C4.5.6 
1.0Hi Tantalum 
L4 L5 L6 _ 0 15/J„ mo|dadchoko 
C7.8.9 
0.1 Hi CoramIc 
L7. L8 - Forroxcubo VK 200 
20/4Boroqu 
C10.11.13.15,16.17 
1.5-20 pf ComprossionTrimmerAHCO420 
Forrito boadsaroForroxcubo 
C12.14 
10 pf Microwave capacitor ATCtype 
56 5906S/3Bor oquiv. 
100-8-10-M-MS or oquiv. 


FIGURE 1 - Schematic Diagramof 25 W UHF Amplifier 
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All that remains to finish the solution is to determine 
the amount of reactance necessary to reach the source at 
point F. To do this, it is first necessaryto transposepoint D, 
which is an admittance, to an impedance. This is accom 
plished by rotating point D one-quarter wavelength on a 
constant VSWR circle. 
This moves point D to point E 
which is on the 2.04 reactance line thus representing a 


series reactance of: 
Xcs =(XE)#(Zo)a (2-04) • (40.65) =82.9 ohms 
(13) 
A seriescapacitance with this reactance is: 


CS= 
l- 
= 
=4.08 pF (14) 
(2rr) (0 (XCS) 
(2ir) (470x 10*) (82.9) 
This completes the solution for the input network. 
The interstage networks as well as the output network 
are solved in similar fashion with the following differences. 
In the case of the interstage networks when the imaginary 
term of the source impedance is other than zero, point F 
would be plotted at the complex conjugate of the source 
impedance. In the output network solution the"source" 
istheoutputload of the amplifier (50 +jO) andthe"load" 
is the collector impedance of the output device. 


450 MHz 
480 MHz 
S12MHz 


Power Gain 
18 db 
17.2 db 
16 db 
Bandwidth (-1 db) 
5 MHz 
6 MHz 
8 MHz 
Ovorall Efficiency 
44.5% 
46.5% 
48.5% 


Harmonics 
All Harmonics Bottar Than -20 db 
Stability 
Amplifier Stable under all Conditions of 
Orivo down to Vcc " 50 volt* 
Powor Output 
25 w 
| 
25 w 
| 
25 w 


Burnout 
f 


I 
to DnmogotoanyTransistorwith Load Open 
IiShortodwith Oto±180°PhotoAnglo 


FIGURE S —Typical Performance Specifications 


0.225" TYP 


Board is 1/16" Thick 
Teflon Bonded Fiber 
glass Dielectric with 
1 oz. Copper on both 
sidos. 


Figure 5 givesdetails on the performance of the com 
pleted amplifier. The use of the porcelain dielectricchip 
capacitorsfor the serieselements in the interstage networks 
was found to providean additional 2.5 to 3.0 dB of gain 
over that obtained with compression trimmers as well as 
reducingthe number of tuning adjustments necessary. 


CONSTRUCTION CONSIDERATIONS 


As in all RF power applications, solid emitter grounds 
are imperative. 
In microstrip amplifiers gain can be in 
creased more than 1 dB by grounding both of the emitter 
leads to the bottom foil of the microstrip board by wrap- 
ing strips of copper foil thru the transistor mounting hole 
as shown in Figure 6. 


Av 


y. 
-F l!nlHii!lili!!i 
:::H::::::t||!:!!:;:::!!ii!!^^1^11^ 


Section A A 


FIGURE 6 —Proper Emitter Grounding Method 


FIGURE 7a - Microstrip Board Layout 
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FIGURE 7b - Photograph of Amplifior 


Stability under normal operating conditions is essential, 
however, stability shouldbemaintained overas widea range 
of supplyvoltage and drive levels as possible. If amplifier 
stabilityismaintained at all RF drive levels with the supply 
voltage reduced to between threeand five volts,thedesigner 
can be practically certain that the amplifier will remain 
stable under all conditions of load. Maintainingstability 
isa keyfactorin protectingthese transistors from damage. 
In a stableamplifier that has adequateheat sinking, these 
transistorswill withstand high VSWR loads includingopen 
and shorted loadswithout damage. The majorcontrolling 
factors in obtaining wide rangestability are: 
1) Mechanical layout: 
Good mechanical layout in 
cludesgoodemitter grounds(aspreviouslydescribed), com 
pact layout and short ground paths. 


2) Biasing: The devices arc all zero biased for Class "C" 
operation. 
The use of relatively low Q base chokes with 
ferrile beads on the ground side will maintain good base 
circuit stability. In some applications, the use of a resistor 
in serieswith the ground sideof the base chokes on the out 
put and driver stages mayenhancethe stability. Approxi 
mate valuesof these resistors should be 10 ohms, 1/2 watt 
forthedriver and1.0ohms, 1/2wattfor theoutput device. 
Theaddition of theseseriesresistors wHI causea slight loss 
in gain; (about 0.1 to 0.2 dB overall). 
3) Collectorsupply feedmethod: The collector supply 
feedsystemisdesignedto providedecouplingat or near the 
operatingfrequency and a low collector load impedanceat 
frequencies muchlowerthan the operatingfrequency. 
4) Heat sinking: 
In order to protect against burnout 
underallconditionsof load,adequateheat-sinking must be 


provided. In heat sinking the device it is imperative to use 
a good grade of thermal compound, such as Dow-Corning 
340, on the interface between the device and its heal sink. 
Figure 7a shows the microstrip board layout while 
Figure 7b is a photo of the completed amplifier. 


DEVICE HANDLING CONSIDERATIONS 
Although the Motorola stripline package is a rugged 
assembly, some care in its handling should be observed. The 
mostimportant mechanicalparameter isstud-torque, speci 
fied on the data sheet at 6.5 inch-pounds maximum. This 
data sheet specification isan absolute maximum and should 
not be exceeded under any circumstances. A good limit to 
use in production assembly is 6 inch-pounds and if for any 
reason repeated assembly/dissassembly is required torque 
should be limited to 5 inch-pounds. 
Anothermajorprecaution to observeis to avoid upward 
pressure on the leads near the case body. Stresses of this 
type can crack or dislodge the cap. This type stress some 
times occurs due to adverse tolerance build-up in dimensions 
when the device is mounted thru a microstrip board onto 
a heat sink. Manytimes this type of stress isapplied even 
in the most carefully thought out designs due to solder 
build-up on the copper foil when a device is replaced. In 
device replacement care should be taken to flow all solder 
away fromthemountingareabeforethestud nut istorqued. 
Finally, one must be sure to torque the stud nut before 
soldering the device leads. Refer to Motorola Application 
Note AN-555 for details on mounting Motorola "strip- 
line packaged transistors. 
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TUNING DIODE DESIGN TECHNIQUES 


Prepared by: 
Doug Johnson 


INTRODUCTION 


Voltage variable capacitors or tuning diodes are best 
described as diode capacitors employing the junction capa 
citance of a reverse biased PN junction. There is a wide 
range of available capacitances and different device types. 
The capacitance of these devicesvariesinversely with the 
applied reverse bias voltage. 
Tuning diodes or Motorola's "Epicaps " have several 
advantages over the more common variable capacitor. They 
are much smaller in size and lend themselves to circuit 
board mounting. 
They are available in most of the same 
capacitance valuesasair variable capacitors. Tuning diodes 
offer the designer the unique feature of remote tuning. 
Epicaps, as opposed to earlier versions of voltage vari 
able capacitors exhibit many new improvements. Lower 
leakage, significantly higher Q and uniformity are just 
some of these advantages. However, the capacitance of 
all tuning diodes inherently varies with temperature and 
may require compensation. 
A simple scheme is available 
for compensation of the temperature drift, resulting in 
stabilities as good as, or better than, that of air capacitors. 
Thisnote contains the details for compensating Motorola's 
Epicap diodes. 


SIMPLIFIED THEORY 
A tuning diode is a silicon diode with very uniform 
and stable capacitance versus voltage characteristics when 
operated in its reverse biased condition. 
In accordance 
with semiconductor theory, a depletion region is set up 


or //0*v\m\onf/. Conductor 
Wz/xFAM y 
Reverse 
Biosed 


Junction 


Parallel 
Capacitor 
•A 


FIGURE 1 —Tuning DIodo Capacitor Analogy 


around the PN junction. The depletion layer is devoid of 
mobile carriers. The width of this depletion region is de 
pendent upon doping parameters and the applied voltage. 
Figure lA shows a PN junction with reverse bias applied, 
while Figure IBshows the analogy,a parallel plate capacitor. 
The equation for the capacitance of a parallel plate capaci 
tor givenbelow predicts the capacitance ofa tuning diode. 


where 


eA 
C = — 
d 
0) 


6= dielectric constant ofsilicon equal to 11.8 x en 
e0=8.85xlO-l2F/m 


A = Device cross sectional area 
d = Width of the depletion layer. 


The depletion layer width d may be determined from 
semiconductor junction theory. 
The more accepted 
method 
of determining tuning 
diode capacitance is to use the defining formula for capa 


citance. 


dV 


The charge,Q per unit area, is defined as: 


Q = eE 


where E = Electric field 


So we have capacitance per unit area: 


C 
dE 
c=-=e— 
A 
dV 


(2) 


(3) 


(4) 


Norwood and Shatz1 use these ideas to develop a general 
formula: 
a Be m+l 1 1/m+2 
4 
(5) 
(m+2) (V+0) 


m = Impurity exponent 
c = Capacitance per unit area 


Lumpingall the constant terms together, including the area 
of the diode, into one constant, Cd> we arrive at: 


CD 
Cj = (V+0)7 
where y - CapacitanceExponent, a function of impurity 
exponent 


<t> = The junction contact potential 
(«s0.7 Volts) 


(6) 
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The capacitanceconstant, Cd, can be shown to be a func 
tion of the capacitance at zero voltage and the contact 
potential. At room temperature we have: 


CD =Co(0)T 
(7) 
C0=Valueof capacitance at zerovoltage 
Thesimple formula given in Eq.6, veryaccurately predicts 
the voltage-capacitance relationship of Epicaps. Thereare 
manydetailed derivations'.2.3,4,5of junctioncapacitance, 
so further explanation isnot necessary in thisnote. 
The capacitance of commercial tuningdiodes must be 
modifiedby the case capacitance. 


The equation then becomes: 
C=Cc +Cj 
" 
(8) 
where 
Cc=Case capacitance typically 0.1 to 0.25pF 
Cj =Junction capacitance given by equation 6. 


TUNING RATIOS 
The tuningor capacitance ratio,TR, denotes the ratio 
of capacitance obtained with two values of applied bias 
voltage. This ratio isgiven by the following expression for 
the Epicap junction. 


where 


Cj(V2), 
Cj(Vi)' 
TR = 
Vi+« 


V2+0 
Q (Vi) =Junction capacitance atVj 
Cj (V2)=Junction capacitance atV2 
whereVi > V2 
In specifying TR, some Epicap data sheets use four 
volts for V2. However, in order toachieve larger tuning 
ratios, the devices may be operated at slightly lower bias 
levels withsomedegradation intheQspecified at four volts. 
(See the discussion of Q versus voltage in the circuit Q 
section, later in this note). 
Furthermore, care must be 
taken when operating Epicaps at these low reverse bias 
levels to avoid swinging the diodeinto forward conduction 
upon application of large ac signals. 
These large signals 
may also produce distortion due to capacitance modula 
tion effects. 
Since the effects of <j> and case capacitance, Cc, are 
usually small, Eq.9 maybesimplified to the following for 
most design work: 


C(Vmin) 
/Vmax 


Vmin 
TR = 
n) 
/Vmax\ 
x)"~ \wm7/ 
C (Vmax 


The frequency ratiois equalto the square root of the 
tuning ratio. 
This tunable frequency ratio assumes no 
stray circuit capacitance. 
Another parameter of importance is7, thecapacitance 
exponent. Physically, y depends on the dopinggeometry 
employed in the diode. 
Varactor diodes with 7 values 
from 1/3 to 2 can bemanufactured by various processing 
techniques. Thetypes of junctions, their doping profiles, 
and resulting values of 7 are shown in Figure 2. These 
graphs show the variation of the number of acceptors 
i(Na) and the number of donors (Nd) withdistance from 
the junction. 


(9) 


(10) 


Abrupt junctions are the easiest to manufacture and 
most Epicaps areof this type. This type of junctiongives 
a7 of approximately 1/2 and a tuning ratioon the order 
3 with the specifiedvoltage range. Therefore the corres 
ponding frequencyrange which may be tuned is about 1.7 
to 1.0. A typical example is the MV2101: 
C(V2)=C(30V) =2.5pF 
C(Vi) =C(4V)=6.8pF 
TR - 2.7 
7 = 0.47 
The subscripts on the capacitance refer to the bias 
voltage applied. 


Inmany applications,suchastuning the televisionchannels, 
or the AM broadcast band, a wider frequency range is 
required. 
In this event, the designer must use a hyper- 
abrupt junction Epicap. 
The hyper-abrupt diode has a 
7 of 1 or 2, and much larger frequency ranges. Table I 
shows typical typesof tuningdiodes available, theirtuning 
ratios, frequency ratiosandjunction types. 


TABLE 
SAMPLE TUNING DIODE TYPES 


Device 
Series 
Capacitances 
Available 
Tuning 
Ratio 
7 


Frequency 
Ratio 
Junction 
Type 


1N5139 
47-6.8 pF 
2.7-3.4 0.47 
1.6-1.8 
Abrupt 
MV2101 
100-6.8 pF 
1.6-3.3 0.47 
1.6-1.8 
'.Abrupt 
88105 
10 pF 
4-6 
1.0 
2-2.4 
Hyper-Abrupt 
MV1400 
550-120 pF 
10-14 
2.0 
3.2-3.7 
Hyper-Abrupt 
MV109 
30 pF 
5-6.5 
1.0 
2.2-2.5 
Hyper-Abrupt 


A. 
Linear 
Graded 


C. Hyper- 
Abrupt 


D. Hyper- 
Abrupt 


Oistanca from junction 


7S5.33 


7*1.0 


7*2.0 


x - 0 
Distance from junction 


FIGURE2 - Doping Profile*and CapacitanceExponent for 
Some Common Tuning Diode Types 
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The hyper-abrupt devices areconstructed with special epi 
taxial growth and diffusion techniques, which creates a 
dopingprofilesimilar to that shownin Figures 2Cand2D. 
The Q of the BB105 and MV109 series hyper-abrupt 
diodes is ashigh asabrupt junction Epicaps. Their capaci 
tance range is from a few picofarads to 10 or 20 pF, and 
their majorapplicationisin television tuners. The MVI400 
seriesarehighcapacitancedevices forapplicationsbelow 10 
MHz. They are suitable for tuning elements in AM broad 
cast band receiversand similarlow frequency applications. 


CIRCUIT Q 
Popular typesof mechanical tuningcapacitors often have 
Q's on the order of a thousand or greater. The Q of tuned 
circuitsusing these capacitors is generally dependent only 
on the coil. When usingan Epicap,however, one must be 
conscious of the tuning diode Q as well. The Q of the 
tuning diode isnot constantbeingdependenton biasvolt 
age and frequency. The Q of tuningdiodecapacitors falls 
off at high frequencies, because of the series bulk resis 
tance of the silicon used in the diode. The Q also falls off 
at low frequencies because of the back resistance of the 


reverse-biased diode. 
The equivalent circuit of a tuning diode is often des 
cribed as shown: 7 


FIGURE 3 - Equivalent Circuit of Epicap Diode 


where 
Rp=Parallel resistance orback resistance of the diode 
RS = Bulk resistance of the silicon in the diode 
Ls' =Externalleadinductance 
Ls - Internal lead inductance 
Cc =Casecapacitance 


Normally we may neglect the lead inductance and case 
capacitance. This results in the simplifiedcircuitof Figure 


4. 


FIGURE 4 - Simplified Equivalent Circuit of Epicap Diodes 


The tuning diode Q may be calculated with equation 11. 


2/rfCRp2 
Q =;Rs+Rp +(2irfC)2RsRp2 


Thisrather complicated equationis plottedin Figure 5 for 
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FIGURE S —Graph ofO versus Frequency 


RS =1.0 ohm, Rp =30 x IO9 ohms, at V=4volts and 
C=6.8 pF, typical fora 1N5139 Epicapat room tempera 


ture. 
At frequencies above several MHz, the Q decreases di 
rectly with increasing frequency by the simpler formula 
given below: 


Q~QS = 2irfCRs 
(High frequency Q) 
(12) 


The emphasis today is on decreasing Rs so better high 
frequency Q can be obtained. At low frequencies Q in 
creases with frequency sinceonly the component resulting 
from Rp, theback resistance ofthediode, isofconsequence. 


Q*» Qp=2jrfCRp (Low frequency Q) 
(13) 


Qisalsodependent on voltage and temperature. Higher 
reverse bias voltage yields a lower value of capacitance, 
and alsosince Rs decreaseswith increasing bias voltage, the 
Q increases with increasing voltages. Similarly, low reverse 
biasvoltagesaccompany larger capacitances,and lower Q's. 
Increasing temperature also lowers the Q of tuning diodes. 
As the junction temperature increases,the leakagecurrent 
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increases, lowering Rp. There isalso aslight decrease inRs 
with increasingtemperature, but the effects of the decreas 
ing Rparegreater and thiscauses theQto decrease. The 
effects of temperature and voltage on the Q of a 1N5139. 
at 50 MHzare plotted in Figure 6. 


TEMPERATURE 
The Q and tuning ratio of Epicaps are parametersthat 
every design engineer must be aware of in his circuits. 
Another equally important characteristic of tuning diodes 
is their temperature coefficient. A typicalexampleof the 
capacitance versus temperature drift is shown in Figure 7. 
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FIGURE 7 —Capacitance versus Temperature for a MV2101 
Epicap Biased at 4 Volts 
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FIGURE8 - Capacitance Drift in ppm/°C versusVoltage 
MV2101 Diode 


Thetemperature constant, Tc, isa function ofapplied 
bias. 
Figure 8 shows Tc for a typical Motorola Epicap. 
Notethat for lowbiaslevels, on the orderof a voltor two, 
theTc isashighas+600partspermillion per degree centi 
grade (ppm/°C). 
This represents a frequency change of 
-300 ppm/°Cwhich at 100MHz means a frequency shift 
of 30 kHz per degree. 
It is obvious that a temperature 
compensation schemeisdesirable foranyfrequencycontrol 
not usingfeedbacktechniques. 
In Figure 9, the actual capacitance drift of a MV2101 
per degree centigrade isplotted. Thegraphillustrates that 
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FIGURE9 —Capacitance Drift in Attofarads/°C versusVoltage 
for the MV2101 Tuning Diode 
Attofarads =(pF x IO"6) 


a simple negative temperature coefficient compensating 
capacitor will not compensate for the tuning diode Tc 
because the change in capacitance is not constant with 
voltage. 
Apopularmethodof temperaturecompensatingEpicaps 
involves the use of a forward biased diode. Tire voltage 
dropofaforward biased diodedecreases as the temperature 
rises, thus applying a changing voltage to the Epicap. In 
the network shown in Figure 10,an increase in temperature 


vDIODE " °-6 v 
(Room Tomporoturo) 
Vinc- 


FIGURE 10 - Simple Temperature Compensating Network 


will result inadecrease ofthediode voltage VDIODE toper 
haps 0.5 V. 
If Vjn is maintained constant, the available 
output voltage Vout will rise by 0.1 V. This increase in 
output voltage will lower the capacitance of the tuning 
diode and partially offset the initial capacitanceincrease 
caused by the temperature change. This method has been 
explored in detail and specific compensating circuits for 
Epicaps have been designed. 
The following sections de 
scribe the results of this work. 


THEORY OF TEMPERATURE CHANGE 
Before proceeding further with schemes to correct the 
temperature drift,it is informative to investigate the physi 
cal mechanisms responsible for the changing capacitance. 
Equations 6 and 8 may be combined to give the basic 
expression for capacitance below: 
- 
Cd 
+CC 
(V+0)T 
(14) 
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We can pinpoint the terms in Eq. 14 that may account 
for capacitance changes. 
The contact potential, 0, is a 
strong function of temperature, varying on the order of 
- 2 mV/°C. 
Cd is a function of geometric dimensions 
which can change with temperature and 6 which changes 
with temperature. 
Case capacitance also changes with 
temperature. 
For this analysis we will assume the only 
terms not temperature dependent are the supply voltage 
V, and the capacitance exponent, which is a function only 
of the slope of the doping profile. 
The contact potential, 0, isreadily calculated from semi 
conductor theory, and the equations predict a largechange 
with temperature. This change in 0 will produce a much 
larger change in capacitance for lower voltages than for 
highervoltages,and therefore accounts for the majority of 
capacitance change in tuning diode temperature drift. See 


Table II. 


TABLE II 
Calculated capacitance change versus applied voltage in 
ppm/°C for: 
"",-=-2mV/0C 


Cd 


d0 


dj 


C = 
+CC 
(V + 0YT 


Applied Bias Voltage 
Capacitance Drift In 
(Volts) 
(ppm/°C) 


1 
587 
2 
261 
4 
204 
10 
88.7 
20 
45.6 
30 
30.7 


Comparing Table II with Figure 8, we see that a -HOto 
+50 ppm/°C temperature drift still remains. Therefore0 
is not the only mechanism responsible for temperature 
drift and others must be sought. There is a change with 
temperature in physical dimensions in any material which 
has an affect on the order of 1 ppm/°C for a tuning diode. 
However, this change is too small to be of any significance. 
Another possibility is a change in dielectric constant. Sili 
con, depleted of its charge carriers, forms a dielectric layer 
with a relative dielectric constant of 11.8. The dielectric 
constant of silicon has a temperature coefficient of +35 
ppm/°C. 1 These effects change the value of Cd with 
temperature. 
Another effect which sometimes must be considered 
is the change in case capacitance with temperature. The 
case capacitance is about 0.25 pF for the plastic TO-92 
case. And there isachange of+25 AF (attofarads =10"^ 
pF) per degree centigrade. The glass DO-7 case exhibits 
a capacitance of about 0.20 pF and a change of +30 
AF/°C. 
These are small changes for most low voltage 
capacitances, but become increasingly important as the 
voltage is increased and capacitance is reduced. Also these 
effects are only important for the low capacitance devices. 
For instance, consider the 1N5139 series which are pack 
aged in the DO-7 glass case. Table III shows how largean 
effect case capacitance has on the capacitance drift of 
these diodes. 


TABLE III Effect Of Case Capacitance Changes On 1N5139 
And 1N514B Epicaps 


Bias 
Voltage 
(Volts) 


1N5139 
1N5148 


Capacitance 
(pF) 


Changes 
attributable to 
case capacitance 
(ppm/°C) 


Capacitance 
IpF) 


Changes 
attributable to 
case capacitance 
(ppm/°C) 
2.0 
8.9 
3.4 
61 
0.5 


4.0 
6.4 
4.7 
47 
0.6 


10.0 
4.8 
6.3 
32 
1.0 


30.0 
3.0 
10.0 
19 
1.6 


60.0 
2.2 
14.0 
13 
2.3 


Insummary, the largestchangesare caused by the change 
in contact potential. This effect is most noticeable at low 
voltage, high capacitance levels. The change in silicon di 
electric is the next most important factor providinga change 
that is uniform for all devices and voltages. 
Case capaci 
tance changes are most noticeable in the low capacitance, 
high voltage range, and may be neglected for all devices 
except those low capacitance devices. 


THE POWER SUPPLY 
We previously assumed that the supply voltage did not 
changewith temperature. This israrely the case,and special 
consideration must be givento this part of the design. All 
our efforts to temperature compensate the tuning diode 
may be in vain if the power supply has a large Tc or is 
otherwise unstable. Figure 11 shows the common method 
of supplying voltage to a tuning diode. 


Vout 


Power 
Source 
L 


FIGURE 11 - Common Means of Supplying Bias 
Voltage to a Varactor Diode 


POWER SOURCE 
The power source is the most critical part of the circuit 
in Figure 11. 
It must be extremely stable in order to 
achieve good varactor tuning stability. 
The full drift of 
the power supply as expressed in ppm/°C will appear at 
Vd regardless of the setting of the potentiometer. 
For 
example, if Vout is 40 volts with a drift of 100 ppm/°C 
(4 mV/°C), Vd may be 10 V, but willstill have a drift of 
100 ppm/°C (1 mV/°C). A 50 ppm/°C stability figure in 
Vd translates into a 25 ppm/°C stability of capacitance, 
when the capacitance exponent is 0.5. 
For hyper-abrupt 
junctions we realize capacitance stabilities of 50 and 100 
ppm/°C for exponents of 1 and 2 respectively. 
There are many differing power supply regulators avail 
able to the designer. 
Zener diodes are relatively inexpen 
sive,but havea poor temperature coefficient. Temperature 
compensatedzeners are very expensiveand havea limited 
voltage range. TheMC1723,amonolithicintegrated circuit 
voltageregulator,hasexcellent temperature characteristics, 
37 volt output capability, and wide temperature range. 
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TABLE IV Summery of Power Regulators 


Device 
Voltags 
Range 
Temperature 
Range 


Voltage 
ppm/°C 
Max 
TC 


Voltage 
ppm/°C 
Typical 
Tc 


Capacitance 
ppm/°C 
Typical 
7-0.5 
Relative 
cost 


1N5260 
Zener 
33 
-68 
♦200°C 
976 
975 
475 
Low 


1N47S2 
Zcner 
33 
-65 
♦200°C 
850 
850 
425 
Low 
1N3157 
Temperature 
Comptnund 
Z«n«f 


8.4 
-50 
♦12S°C 
10 
to 
5 
High 


MCI733 
Regulator 
37 
-SS 
♦125°C 
20 
12 
6 
Medium 


MFC603O 
Functional 
Regulator 
33 
0° 


♦70°C 
SO 
15 
7.5 
Low 


MC780O 
Finn) 
Voltage 
Regulator* 
28 
0° 
♦12S°C 
40-60 
20-30 
Medium 


MVS460 
TOM 
Regulator 
31 V 
0 


♦70t°C 
-100 


♦50 
25 
12 
Low 


Notet: 
11 Saa Figure 12 for soma typical circuit connections 
21 Mora Information on regulators is available in literature 8,9.10 
3) To compute frequency change (ppm/°CI, divide capacitance 
(ppm/°C) change by 2. 


The MFC6030 Functional* integrated circuit isless costly 
and exhibits almost as good a temperature constant. 
The MC7800 fixed output voltage regulators are 
extremely simple to use in that they have only input, 
output and ground terminals and require no external 
components other than possibly a high frequency bypass 
capacitor. (Thelatter itemisgenerally required withallIC 
regulators to prevent highfrequency oscillations). 
The MVS460 is a two leaded IC regulator especially 
designed foruse withtuning diodes. It represents a simple, 
inexpensive solution to the voltage regulator problem. 
Table IV contains a summary of available power supply 
regulators. 


VARIABLE RESISTOR 
The variable resistor is considerably lesscritical. Since 
it is beingused as a voltage divider,all that is requiredis 
that the resistive material be uniform so any change in 
resistance is uniform throughout the potentiometer. Wire 
wound, and special high quality cermet Film variable resis 
torsaresuitablefor theseapplications. Generally speaking, 
alinearpotentiometershouldhavea Tc of±150ppm/°C or 
better. Special taper potentiometers should have a Tc of 
±50 ppm/°C or better. 
The variable resistance cannot be made too large or 
therewillbeappreciablevoltagedrop as the reversecurrent 
in the diode increases. 
The reverse current in a silicon 
diode generally doubles every 10°C so this becomes an 
important problem at temperatures above 50°C.. If the 
temperature is expected to run as high as 70°C, one must 
limit the variable resistor to 50 kfi or the effect will be a 
greaterthan 5 ppm/°C capacitance change. If 50°C is the 
upper temperature limit, the resistance may be upped to 
150 k£l. Thesevalues apply to all of Motorola's Epicap 
series. When the tuning diodes are used in applications 
where temperature will greatly exceed 70°C, the divider 
resistance should be kept below 10 k£2. This low value 
requires large power supply currents and would be unde 
sirable in some applications. However, since the Motorola 
MC1723 isthe recommended powersourceat these temper 
atures, voltage control may be accomplished using the 
regulatorwithout relyingon an external dividerpotentio- 


"Trodomark of Motorola Inc. 


(If 60 Vout is required, use of a voltage boost circuit Is neoded) 
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WW 
10% 
Rf 
SkO 
1%) (Accurately Match Tq to within better 
R2 
2kO 
1*J « 
then 20 ppm/°C. 
R3 
0-50 kft 
SOppm/°C potentiometer 
R4 
2kfl 
IX 
20ppm/°C 
V,n-40V 
Vout variable 2-37 Volts 


FIGURE 12A - High Stability Regulator -50 to +125°C 


V|n- 


V|n - 35 Volts mox 
Rtc-20n HW10K 
Rv • Variablo Resistor feeding the Epicap 
Ry^SOk SOppm 


Vout 0-33 Volts 


FIGURE12 B - RegulatorUsing MCF6030.0° - 70°C 


meter,asshownin Figure12A. The MCI723's lowoutput 
impedanceof 0.05 ohms will easily and reliably handle the 
change in current demanded by the-Epicap asit heatsup. 
Figure 12B shows another popular regulator circuit.' If 
higher or lower voltages are needed, schemes such as volt 
age boost8 andfloating regulators maybeused. 
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Power 
Supply 


RFC 
Vo 0.001 pF 
.^vw> 
e) 
|( 
, 
T 
r 
i 


Rest 
of 
Circuit 


FIGURE 13 - Temperature Compensation Using A Silicon Diode 


TEMPERATURE COMPENSATION 
It has been previously noted that the most effective 
means of temperature compensation is simply to use a 
siliconjunction biasedin the forward direction. A circuit 
employingthis techniqueis shown in Figure 13. 


Diode Dl has a forward voltage drop on the order of 
0.6 volts, anda temperature coefficientof -0.002 V/°C. 
Assuming a constant voltage from the supply, the reduc 
tion in diode voltage with increasing temperature, increases 
the voltage available to the tuning diode, Vd- The higher 
tuning diode voltage,Vd, lowers the capacitance enough 
to compensate for the increasedue to temperature. How 
ever, merely using a random diode with an arbitraryvalue 
of Rl will not result in very accurate temperature compen 


sation. 
Different correction devicesexhibit different Tc (changes 
in voltagedrop with temperature)valuesbecause of differ 
ingdopingschemes. Forexample,atypical Epicap exhibits 
a Tc of approximately - 
1.5 mV/°C while some high 
currentrectifierjunctionsmeasure ashighas-2.6 mV/°C. 
So it isnecessaryto investigate many different junction de 
vices in order to find a diode that adequately compensates 
the tuning diode drift. 
The tuning diode's change with temperature must be 
accurately determined. 
Also of major importance is the 
value of Rl. 
A typical junction may have a Tc of -1.5 
mV/°C at 10 mA junction current, anda Tc of-2.8 mV/ 
°C at 1 a*A junction current. Thus the value of Rl, the 
biasresistor,must be chosen to yield the optimum valueof 
compensatingdiode current. 
Detailed analysis was performed on 160 low cost junc 
tion devices in order to arrive at suitable compensation 
schemes for Motorola's Epicaps. 
The results appear in 
Table V. The correction diodes represent the devices which 
provided the most accurateand reliable compensation. A 
computer program was devised to optimize the value of 
Rl in each case. Two different methods of compensation 
were analyzed. Method one searches for the lowest ppm 
values without using CI, the temperature compensating 
capacitor. 
At some voltages the temperature corrected 
tuning diode will have a negativetemperaturecoefficient, 
while at others it will be positive. In general the results 
arebetter than±50 ppm overthe entire range from 2 volts 
to the breakdown voltage of the Epicap diode. 
Method two attempts to cluster the residualcapacitance 
at some standard value after the diode has performed its 


Power 
Supply 


-w- 


METHOD ONE - Schematic Diagram 


Power 
Supply 


+*- 


RFC 


METHOD TvVO - Schematic Diagram 


T 
I 


Note 1: To find the value of negative temporatura coefficient 
capacitor. CI, uso oquation 15. 


>cTO 


where 


Cx - Value listed abovo in Tabla V 
C-po ' Capacity in pF of the tuning diode at four volts 
N " Tcmporoturo coefficient of capacitor. 
If a N7S0 is used. N - 750. 
Note 2: For MV2305 series, tho ppm/°C drift values specifiod 
hold for 1.5 V to tho breakdown voltoge. 


correction. 
This value (due to silicon dielectric change, 
case capacitance change, etc.) is easily "tuned out" by 
meansofasmallnegativetemperature coefficient capacitor. 
Consideration must be given to the stability of Rl. As 
the resistance of Rl increases with changing temperature, 
less current will be drawn through Dl, thus decreasing its 
voltage drop. The result will be a rise in the voltage applied 
to the Epicap. 
Analysis of this effect is shown in Table 
VI. 
The results of using a MV2111 in the compensation 
circuits are shown in Figures 14A and 14B. Only the diode, 


TABLE VI 
TUNING DIODE BIAS VOLTAGE 


ppm Accuracy of R1 


±10 ppm 
±25 ppm 
±50 ppm 
±100 ppm 
±200 ppm 


1 V 
2V 
5 V 
25 V 


, 
PPM 
CAPACITANCE 
CHANGE 


Kooping cost in mind, ±100 ppm or ±50 ppm 1% resistors 
aro recommended for Rl. 


resistor Rl, tuning diode, and capacitor CI if used were 
subjected to temperature changes. Thus, any effect of 
power supply variation and variable resistor instability 
were neglected. 
Actual circuits constructed will not be as accurate as 
these test results because the power supply and variable 
resistor will contribute some instability. Some of the vari 
ations that will occur are shown in Table VII. 


The effects of tuning diode variation and correction 
diode variation are accounted for in Table V. The effects 
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Typ 
Max 
TVP 
Max 
Method 
ppm 
ppm 
Method 
Method 
ppm 
ppm 
Tuning 
Correction 
One 
Method One 
Method One 
Two 
Two 
Method Two 
Method Two 
Diode 
Diode 
R1 
-50to125°C 
-50to125°C 
Rl 
Cx Note 1 
-50to125°C 
-50to125°C 


MV2101 
MSO6100 
( 50 k to 
-30 to +40 
±50 
8.2 k 
23 
±16 
±25 
Series 
1 
70 k 
1N4001 
i 20 k to 
( 
30 k 
-40 to +40 
+ 60 


- 
_ 
_ 
_ 


•2N5221 
(250 k to 
1 
400 k 
-30 to +40 
+ 55 
33 k 
23 
±15 
±25 


•MPS5172 
j260k to 
1 
400 k 
-35 to +40 
±60 
47 k 
23 
±15 
±25 


• MPS/3904 
- 
- 
_ 
180 k 
23 
±20 
±30 
1N5139 
MSD6100 
1400 k to 
t 
600 k 
-30 to +50 
±60 
120 k 
16 
±25 
±35 


Serios 
1N4001 
(400 k to 
1 
600 k 
-30 to +45 
±50 
82 k 
15 
±20 
±30 


MPS5172 


- 
- 
600- 
800 k 
15 
+ 25 
±35 


MV2305 
MSO6100 
I 40 k to 
(60 k 
-40 to +60 
±60 


_ 
_ 
_ 
_ 
Sories 
Note 
' 
1N4001 
1 15 k to 
1 
25 k 
±45 
±65 


_ 
_ 
_ 
_ 
2 
•2N5221 
I 250 k tp 
1 350 k 
±45 
+ 70 
18 k 
35 
±15 
±25 
•MPS5172 
•MPS3904 
- 
_ 
_ 
100 k 
34 
+ 15 
±25 
MV3S00 
MSD6100 
(30 k to 
1 40 k 
±40 
±60 


_ 
_ 
_ 
_ 
Series 


•2N5221 
i 120 k to 
1 180 k 
-35 to +45 
+ 55 


_ 
_ 
_ 
_ 
•MPS5172 
•MPS3904 
- 
' 
- 
_ 
56 k 
22 
+ 15 
±25 
1N5441 
MSO6100 
(400 k to 
( 500 k 
±45 
±60 
68 k 
22 
±20 
±30 
& 1N5461 
Sories 
1N4001 
j 400 k to 
t 500 k 
±50 
±60 
22 k 
22 
±20 
±30 


•2N5221 
— 
- 
_ 
390 k 
22 
±20 
±35 
•MPS5172 


'Base-Emitter junction usod as a diode. 


TABLE VII Other Error Contributing Factors In Temperature 
Compensation 
Typical ppm/°C 


Powor Supply Variotion 
±8 
Rl Changes 
±5 
Changes in Epicap Currant through Potantiomotor 
±5 
Potentiometer Nonlinoarities 
±2 
Tuning Oioda Variation 
±10 
Correction Olodo Variation 
±15 


of power supply and potentiometers must be accounted 
for separately and decrease the total accuracy. If a ±25 
ppm/°C correction scheme isused,but the power supply 
has +25 ppm/°C stability, anoverall stability of±35ppm 
is obtained. This apparent error results from the fact that 
the error factors cannot be added directly, but must be 
summed as vectors in accordance to the rules of error 
theory. 
It is important to consider the whole circuit when 
designing for temperature compensation. 
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FIGURE 14A - MV2111, MSD6100 Compensation Diode 
Rl = 68 k 
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FIGURE 14B - MV2111, MSD6100 Compensating Diodo 
R1°8.2k 
C1 - 3.3 pF (N330I 
0.00109 pF/°C 


HYPER-ABRUPT TEMPERATURE DRIFT 
The hyper-abrupt tuning diode is more sensitive than 
other types to temperaturevariationsresultingin a greater 
need for temperature compensation. Alsotheir drift with 
temperature is not as uniform as abrupt junction tuning 
diodes. 
Their drift factors expressed in ppm/°C run as 
high as 800 to 1200 for the units with a 7 of 2. Units 
having a 7 of 1 typicallyshow 300 to 400 ppm/°C capaci 
tance changes. These higher drift rates are causedby the 
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hyper-abrupt tuning diode's greater sensitivity to changes 
in voltage, and the fact that the majority of capacitance 
change is caused by the change in contact potential, 0. 
Thisgreatersensitivity to voltagechangesmeans that power 
supply and other instabilities will also have a larger effect 
than with regularabrupt junction tuning diodes. 
As a first order approximation, a MPS3904 transistor's 
emitter-base junction with a 50 k resistor used for Rl will 
improve the temperature drift in capacitance to better 
than 200 ppm/°C. Improvementfrom this point canonly 
be obtained by a trial and error method described below. 
Figure 15 shows the variation in compensation as Rl 
is varied for the MV3142, a hyper-abrupt tuning diode. As 
Rl is increased in value, the ppm/°C value is made more 
negative. The effect of the change is greatest at lower 
voltages. 
To completely compensate the drift factor of the 
MV3142 shown in Figure 15 would be very difficult due 
to the variation of the curve shape. However, improved 
compensation may be achieved by limiting the diode to 
an operating voltage range of 2 to 15 volts. Starting with 
an Rl value of 50 k, the tuning diode and compensation 
circuit should be varied in temperature, while measuring 
the capacitancechange. If the drift factor is more positive 
than desired, Rl may be increased in value. Referring to 
Figure 15, a temperature drift factor of+40 ppm/°C at 2 
V may be largerthan can be tolerated. Substituting a 200 k 
resistor will reduce the value to 25 ppm/°C at 2 V. In 
order to accurately compensate at any voltage, it is only 
necessary to vary Rl while measuring the capacitance drift. 
If the required value for Rl becomes larger than 750 k, 
the compensating junction type should be switched to a 
MSD6100, and the bias resistor started at 50 k again. 
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FIGURE IB - MV3142 Tuning Diode Compensation 
For Differing Values of R1 


SUMMARY 


Voltage variable capacitors are rapidly replacing air vari 
able capacitors in many applications. These devices offer 
many advantages over previous variable capacitors, such as 
the ability to employ remote tuning. 
By carefully con 
sidering the proper design conditions, such as temperature 
drift, and designing accordingly, Epicaps can replace air 
capacitorsin virtually all but high power applications. The 
designermust be aware of the tuning range and Q limita 
tion in order to use these devices effectively. Temperature 
drift should cease to be a problem when proper compen 


sation schemes are used. 
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MOUNTING STRIPLINE-OPPOSED-EMITTER (SOE) 
TRANSISTORS 


Prepared by Lou Danley 


INTRODUCTION 
The StriplineOpposed Emitter(SOE) package presently 
used by Motorola for a number of rf power transistors 
represents a major advancement in high frequency and 
thermalperformance. This Application Note discusses the 
SOE package, it advantages and limitations as well as a 
number of considerations to avoid improper usage. 
An understanding of a few basicprinciples in regard to 
mounting and heat-sinking of this package canhelp avoid 
cases of poor performance or devicedamage. 
Two general package types - the stud-mounted and 
flange-mounted SOE packages will be discussed. Eachof 
the general types is available in a varietyof sizes. Typical 
package outlines of the two SOE packages are shown in 
Figure 1. 


ADVANTAGES OF THE SOE PACKAGE 
The primary electrical advantages of the SOE packages 
arethe low inductancestripline leadswhich interfacevery 
well with the microstrip lines often used in UHF-VHF 
equipment andthe goodcollectorto baseisolationprovided 
by the two emitter leads. The two emitter concept pro 
motes symmetry in board layout when combining devices 
to obtain higher output power. Both emitter leads should 
alwaysbe used for best performance. 


DESCRIPTION OF THE SOE PACKAGE 
Figure 2 displays the component parts on a stud- 
mounted SOE package. This package will be used as an 


example since both the stud and flange-mounted packages 
are very similar in construction. The body of the package 
isa Berylium Oxide (BeO) disc. Berylium Oxide was chosen 
due to its high thermal conductivity. 
Attached to the 
bottom of the discisacopper stud which is for heat transfer 
and mechanical mounting. The lead frame is attached to 
a metalized pattern on to the top surface of the BeO disc. 
The actual shape of the leads differs between the various 
package types. Finally an Alumina ceramic cap is attached 
to the top of the disc over the leads providing a protective 
cover for the transistor die. 
An understanding of the basic structure of the SOE 
package is essential to proper usage of these devices in 
respect to heat-sinking and mechanical mounting. 
Since 
these two areas present the greatest problem to users, they 


will be discussed in detail. 


HEAT-SINKING THE SOE PACKAGE 
In order to properly understand the thermal considera 
tions involved in mounting SOE type packages, it is neces 
sary to lay some groundwork in the area of heat flow. 
Table I givesequivalentThermal and Electricalparameters 
which may be used to relate Thermal properties to more 


familiar electrical units. 
Semiconductor power devices areusually guaranteed to 
haveacertain thermal performance asstated by the thermal 
resistance of the device from the junction to the case, or 
mounting surface - 0j(\ 
How to get the heat out of the 


FIGURE 1 - SOE Packages 
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FIGURE 2 - Component Parts of SOE Package 


case has generally been left to the user. In any dynamic 
heat flow problem, the heat must go somewhere, other 
wise there will be a continuous rise in the temperature of 
the system. 
In text books, there always seems to be an 
"infinite heat sink" available which can absorb any amount 
of heat with no temperature rise whatsoever. 
In the 
practical sense, however, such a heat sink does not really 
exist. Practical heat sinks must be characterized by a cer 
tain temperature rise for a given ambient condition, with 
a known amount of heat input (power to be dissipated) 
after equilibrium conditions have been achieved. Charac 
terization of heat-sink systems is best achieved by exam 
iningthe complete system under controlled conditions. 


TABLE I — Thermal Parameters and Their Electrical Analogs 


Symbol 


Thermal 


Parameter 
Units* 


Electrical Analog 


Symbol 
Parameter 


iT 
Temporaturo 
difference 
°c 
V 
Voltage 


H 
Heat flow 
watts 
l 
Current 


0 
Thormal 
resistance 
°C/watt 
R 
Resistance 


7 
Heat capacity 
watt-sec 
c 
Capacity 
°C 


K 
Thormal 
conductivity 


cal 


a 
Conductivity 
soc-cm-°C 


Q 
Quantity of 
heat 
cal 
q 
Charge 


t 
Time 
sec 
t 
Time 


ey 
Thormal time 
constant 


sec 
RC 
Time constant 


a the one major differenco in thermal and olectrical units; Q 
1units of energy, whoreas q is simply a charge. 
Henco His in 
s of power and may be equated to an eloctrical power dissipa- 


For example, the normal environment for a land-mobile 
VHF transmitter might be the trunk of a taxi cab in the 
hot Arizona summer. In such an environment, temperatures 
might reach as high as 80°C (176°F). 
The heat-sink 
system for such a radio should therefore be tested at a 
minimum ambient temperature of 80°C. 
The method 
that should be applied in this test would utilize a fine 
wire thermocouple rigidly secured to the stud of the rf 
power transistor for which the test is being conducted. 
The system, which in this case would include all parts of 
the radio which would contribute heat, should then be 
operated under maximum heat generating conditions, in 
the hightemperature environment specified. Careful meas 
urement of the temperature of the device under test would 
then give the difference in temperature between the case 
of the transistor and the controlled ambient. 
If the caseand ambient temperatures areknown, as well 
as the power levelsin the transistor, the thermal resistance 
from the transistor case to the ambient can be calculated. 
The first step is to obtain the power being dissipated by 
the device. 


Pd=Pl+P2-P3 
0) 


where: 
Pd = power being dissipated by the transistor 
in watts; 


Pi =dc power into the transistor in watts; 


?2 = rf power into the transistor in watts; 


P3 = rf power out of the transistor in watts. 


This value of Pd is used to obtain the 0CA value from 
the equation: 


where: 


0CA = tc-Ta 


Pd 


0CA = thermal resistance device case to 
ambient; 
Tc = device case temperature; 


Ta = ambient temperature. 


(2) 


In order to determine the maximum temperature rise 
in the transistor element (junction temperature rise) under 
any given operating condition the following equation may 
be used. 


Tj=(0JC+0CA)Pd +TA 
(3) 


where: 
Tj=junction temperature; 


0JC = published thermal resistance - 
junction to case. 


If power is dissipated in a power transistor, the case 
temperature will rise above the ambient temperature by 
an amount determined by 0jc and 0CA- 
Since the value 
to 0jc is fixed by the transistor type being used, 0CA ls 
the only factor with which the user can control the junction 
temperature for a given power dissipation. 
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Since heat generated by the transistor must be radiated 
to the ambient by the heat sink, a low 0ca rea,U'res an 
effective heat sink. 
In general, an efficient heat sink 
requiresthat material with high thermal conductivity and 
high specificheat be used. A table of thermal properties 
for various materials is given in the Appendix. 
A well- 
designed heat sink requires that all thermal paths be as 
short as possible and of maximum cross-sectional area. 
Examples of thermal resistance calculations for a bar and 
a flat disc of thermal conducting material are given inthe 
Appendix. 
The equations given in the Appendix however, assume 
no thermal resistance between the case and the heat sink. 
The primary heat conducting surfaceon stud-mounted 
SOE packages is the flat metal surface between the actual 
stud and BeOcasebody labeledsurfaceS in Figure 2. This 
surface, which hasa D-flaton some casetypes, must make 
good contact with the heat sink to allow good thermal 
conduction. 
To insure good contact: 
a) the heat sink 
mounting surface must be flat, b) the mounting hole must 
beburrfree,the propersizeand perpendicularto the mount 
ing surface, c) the propersized nut should be usedand d) 
the nut shouldbe properlytorqued. Recommendedmount 
inghardware isgivenin the section on devicemounting. 
With flange-mounted devices the primary parameters 
affecting thermal transfer are the flatnessof the heat sink 
surface and the flatness of the device flange. The flange- 
mounted package requires that good contact be made be 
tween the flange and the heat-sink surface, particularly 
directly beneath the BeO disc. 
With either of these packagesit has been found that a 
considerable improvement in thermal transfer can be 
achieved through the proper use of one of the silicone 
based "heat-sink compounds" which arc marketed by 
several vendors. Dow Corning andWakefield Engineering 
are both suppliers of good thermal compounds. It should 
be pointed out however, that these compounds have a 
thermalconductivity approximately equalto that of Mica 
(0.0018 Cal/Sec-cm-°C) which is poor compared to that 
of Aluminum(0.49 Cal/Sec-cm-°C). However by comapr- 
ison, the thermal conductivity of still airis approximately 
0.000006 Cal/Sec-cm-°C). The quantity of silicone grease 
used must be kept to the absolute minimum required to 
fill in any air gaps which might occur between the tran 
sistor mounting surface and the heat-sink surface. 
In the 
case of the stud-mounted package this is the gapafter the 
transistor has been secured with the proper stud torque. 
Contributions of as high as 0.5°C/watt to the overall 
thermalresistance can occur if the heat-sinkcompound is 
used in a sloppy and excessive manner. 


MOUNTING SOE DEVICES 
The second area demandingconsideration by a userof 
SOEtransistorsis mechanical mounting. Failure to observe 
proper mounting procedures can result in device destruc 
tion. This section will discuss both the stud-mounted, and 
the flange-mounted SOE devices. 
Seven general considerations for properly mounting 


SOE transistors are listed briefly below. 
More detailed 
discussion will follow. 


A. 
The device should never be mounted in such a 
manner as to place ceramic to metal joints in tension. 


B. 
The device should never be mounted in such a 
manner as to apply force on the strip leads in a vertical 
direction towards the cap. 


C. 
When the device is mounted in a printed circuit 
board with the copper (stud or flange)and BeO portion 
of the header passing through a hole in the circuit board, 
adequate clearance must be provided for the BeO to pre 
vent shear forces from being applied to the leads. 


D. 
Some clearance must be allowed between the 
leads and the circuit board when the device is properly 


secured to the heat sink. 


E. 
The device should be properly secured into the 
heat sinks before the device leads are attached (soldered) 
into the circuit. 


F. 
The leads must not be used to prevent devicerota 
tion on stud type devices during stud torque application. 
A wrench flat is provided for this purpose. 


G. 
With stud packages, maximum stud torque, as 
stated later in this note, and on the respective device data 
sheets must not be exceeded. 
If repeated assembly/dis 
assembly operation is expected, a lesser torque should 


be used. 


Most of the considerations listed above are designed to 
prevent tension at the metal-ceramic interfaces on the 
SOE package. 
Improper mechanical design can lead to 
application of stresses to these joints resulting in device 
destruction. Three joints are considered: The cap to the 
BeO disc, the leads to the disc, and the stud or flange 
to the disc. 
The joint between the ceramic cap and the BeO ceramic 
disc is composed of a material which loses strength above 
175°C. While the strength of the material returns upon 
cooling, any force applied to the cap at high temperature 
may result in failureof the cap to ceramicjoint. 
The lead frame and stud or flange attachment will be 
grouped together since they are very similar. 
Although 
the SOE package used by Motorola makes use of high 
temperature (> 700°C) solder alloys for lead frame and 
flange or stud attachment, care should be taken to avoid 
the application of tensile forces to the joint in the mount 
ing of the transistor into a system. 
Such forces could 
resultif the deviceweremounted with impropermounting 
clearances. 


MOUNTING THE STUD TYPE SOE TRANSISTOR 
Figure3 shows a cross-sectionof a printed circuit board 
and heat sink assembly for mounting a stud type SOE 
device. Let us define Has the distance from the top surface 
of the printed circuit board to the D-flat heat sink surface. 
If H is less than the minimum distance from the bottom 
of the lead material to the mounting surface of the SOE 
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SIDE VIEW 
CROSS SECTION 


FIGURE 3 - Typical Stud-Mounting Method 


package, there is no possibility of tensile forces in the 
copper stud - 
BeO ceramic joint. 
If, however, H is 
greater than the package dimension, considerable force is 
applied to the cap to BeOjoint and the BeOto stud joint. 
Two occurances are possible at this point. The first is a 
cap joint failure when the structure is heated, as might 
occur during the lead soldering operation; while the second 
is BeO to stud failure if the force generated is high enough. 
Lack of contact between the device and the heat sink sur 
face willoccurasthe differencebetween Hand the package 
dimension becomes larger, this may result in device failure 
as power is applied. 
Proper stud torque is an important considerationwhen 
mounting stud type SOEdevices.* The stud sectionof the 
SOE packageis composed of a specialcopper alloy chosen 
because of its high thermal conductivity. However when 
this material isused in studded semiconductor device pack 
ages, it is necessary to place severe restrictions on the 
amount of tightening torque which can be applied to a nut 
used to secure the device to a heat sink. 


*The Motorola Outline Dictionary calls for Class 2A threads. The 
National Bureau ofStandards Handbook H28 entitled Screw Thread 
Standards, paragraph4.2 on page 2.17, reads in part as follows: 


"However, for threads with additive finish, the max 
imum diameters of Class 2A threads may be exceeded 
by the amount of the allowance; i.e., the 2A maxi 
mum diameters apply to an unplated part or to a 
part before plating whereas the basic diameters (the 
2A maximum diameter plus allowance) apply to a 
part after plating." 


Also, footnote b, page 2.37 reads: 


"For Class 2A threads having an additive finish, the 
maximum is increased to the basic size, the value 
being the same as for Class 3A." 


This means that for plated parts, the no-go gauge used is the 2A 
minimum and the go gauge used is the 2A maximum plus the allow 
ance or, in other words, the 3A maximum. 


The recommended torque values are listed below for 
the two thread sizespresentlybeingemployed on Motorola 
rf power transistor packages. 
Recommended maximum torque for stud SOE tran 


sistors follows: 


8-32 
Threads 
10-32 
Threads 


One time maximum 
(6.5 lb .-in. 
11.01b.-in. 
Repeated assembly- 
assembly maximum 
5.0lb.-in. 
8.5 Ib.-in. 


An evaluation of the effects of measured torque on the 
studs under consideration requires a known set of condi 
tions. 
The system used to generate the data shown in 
Figure 4 consisted of a 1/8 inch aluminum plate with a 
deburred clearance hole for the stud under test, a steel 
washerto be positioned between the plate and appropriate 
steel nut. 
A calibrated torque wrench was used as the 
driving means. On each unit under test, the spacingsepa 
rating four threads positioned between the nut and heat 
sink surface was measured. After mounting the device on 
the aluminum plateandapplyingaknown amount oftorque 
the spacing was againmeasured and the results recorded. 
The results of this test show that up to the maximum 
torque specified, the permanent elongation of the threads 
increases linearlywith applied torque. At the torque speci 
fied this elongation does not exceed acceptable limits. 


MOUNTING THE FLANGE TYPE SOE TRANSISTOR 
The mounting and heat sinking of the flange type 
package is similar to that of the stud type package. The 
main considerations with the flange package are avoiding 
tensile stressesat the metal-ceramicjoints and providinga 
flat heat conducting surface beneath the flange. 
Figure 5 shows a typical mounting technique for flange 
type SOE rf power transistors. Again H is defined as the 
distance from the top of the printed circuit board to the 
heat-sink surface. 
If distance H is less than the minimum 
distance from the bottom of transistor lead to the bottom 
surfaceof the flange, tensile forcesat the variousjoints in 
the package are avoided. 
However, if distance H exceeds 
the package dimension, problems similar to those discussed 
for the stud type devicescan occur. Becauseof the ability 


2.0 
0.001 
0.002 
0.003 
0.004 
0.005 
0.006 


Inches 


FIGURE 4 — Permanent Elongation Over a Four Tooth Length 
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Sink Surface 


FIGURE 5 - Flange Type SOE Transistor Mounting Method 


of the copper flange to bend under the types of loads en 
countered when the mounting screws are tightened, per 
manent deformation of the flange may result. Corrective 
action after the flange has been bent will not necessarily 
insure proper thermal contact with the heat sink. 
The flangesurface as supplied with Motorola SOE tran 
sistors is either flat or slightly convex. It is important that 
the mating heat-sink surface also be flat or slightly convex 
to provide the best contact when the device is properly 


secured. 
The holes for the mounting screwsshould be deburred 
because any irregularity of the surface at these two points 
is equivalent to concavity of the heat-sink surface which 
will degrade thermal contact between the transistor and 
the heat sink. 
Since the flange may be permanently deformed during 
mounting, the device should not be dismounted and re 
mounted in another position. 


CONCLUSION 
The SOE package is an excellent rf power transistor 
package. 
However, improper heat sinking and mechanical 
mounting can result in device damage. A number of con 
siderations have been presented to inform the potential 
user of the hazards of improper mounting. Proper usage 
of the SOE package requires no great difficulty if the de 
signer is aware of the limitations and construction of 
the package. 
A list of recommended mounting hardware and a sug 
gested mounting procedure follows: 


Table of Recommended Mounting HardwareWhich Can be Supplied 
With MotorolaStud Type SOE Transistor 


Stud 
Motorola Part Numbers 


Size 
Nut 
| 
Flat Washer 
| Lock Washer 


10-32 
02BSBS1S68F044 
04BSB51567F040 
O4BSB51S66F028 
8-32 
02BSB5IS68F042 
04BSB5I567F038 
04BSBS1S66F030 
6-32 
02BSBS1568F040 
04BSB51567F036 
04BSBS1566F032 


STEPS IN A PROPER MOUNTING PROCEDURE 
1. 
Compare the distance between the heat sink sur 
face and the top of the printed circuit board with the 
minimum dimension of the transistor from the mounting 
surface to the bottom of the leads. The transistor dimen 
sion, as stated on the device data sheet, should be the 
greater distance to avoid the chance of stresses on the 
various joints of the SOE package. 


2. 
Bore the proper sized mounting hole or holes for 
the stud or mounting screws. These holes should be per 
pendicular to the heat sink surface and they should be 
properly deburred. 


3. 
Place a limited amount of thermal compound on 
the heat sink surface where it will contact the flange or 
mounting surface above the stud. Insert the transistor and 
mount with the 
proper hardware as suggested in the 
preceeding table. 
In the case of the stud device, torque the nut to 
the proper value. 


4. 
Solder the leads to the printed circuit board using 
the minimum amount of heat and the least possible time 
of application. 
The leads should be soldered as close to 
the package as possible to minimize series lead inductance. 


5. 
With the unit exposed to the highest expected am 
bient temperature, and power applied, measure the tem 
perature at the stud or flangesurface with a thermocouple 
to insure that this temperature is not excessive. Before 
production quantities are commited, it is suggested that a 
sample assembly 
to be tested under worst 
case heat 
generating conditions. 


APPENDIX 


In order to aid in heat-sink design, a table of thermal 
properties of common materials and a pair of thermal 
conductivity examples are presented. 
Table Al gives three important thermal properties of 
common heat-sink materials. In order to evaluate materials 
for use in heat sinks these three thermal properties should 
be considered. 
Thermal conductivity is a measure of the ability of a 
material of known cross-sectional area to transfer heat a 
given distance in a given time with a given temperature 
difference. Generally metals are good thermal conductors. 
Specific heat is a measure of the amount of heat a given 
mass of material can accept for a given rise in temperature. 
The scale is normalized to the heat capacity of water 
(H2O=1.0). 
Mass density is simply the mass per unit volume of a 
material. 
This parameter is important in heat sink design 
to the extent that large heat sinks of dense material carry 
with them a serious weight penalty. 
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TABLE Al - Typical Thermal Properties of Materials 


Material 


Thermal 
Conductivity K 
(cal/sec-cm-°CI 


Specific 
Heat S 
<C3l/gm-°C> 
Mass Density„ 
(gm/cm°cf 


Silver 
0.97 
0.056 
10.5 
Copper 
0.92 
0.093 
8.9 


Gold 
0.69 
0.030 
19.3 
Beryllia- 
Ceramic 
0.55 
0.31 
2.8 
Aluminum 
0.49 
0.22 
2.7 


Brass 
0.26 
0.094 
8.6 
Silicon 
0.20 
0.18 
24 
Germanium 
0.14 
0.074 
5.5 
Stoel 
0.12 
0.12 
7.8 
Solder 
0.09 
0.04 
8.7 


Kovar 
0.046 
0.11 
8.2 
Alumina- 
Ceramic 
0.04 
0.21 
3.7 
Plastlc- 
Epoxy 
0.0026 
0.2 
2.0 


Glass 
0.0026 
0.20 
2.2 


Mice 
0.0018 
0.20 
3.2 
Teflon 
0.00056 
0.2S 
2.2 
Air 
0.000057 
0.24 
0.0013 


Heat Sink 
Compound 
0.0018 
_ 


Example 1. 
In order to present some of the important character 
istics to be used in heat sink design, the examination of 
two admittedly simplified models is desirable. The analogy 
between electrical resistivity and thermal resistivity will 
be employed. 
The first of these is shown in Figure Al. 


FIGURE A1 - 
A Bar of Thermal Conducting Material 


The electrical resistance from Surface A to Surface B 
of this bar of conductive material is: 
R=^ 
R 
hW 
Using the electrical to thermal analogs: 


0 
L 
_ 
L 
KHW " KA 
This simplified model might represent a pedestalmount 
or a device mount in the center of a bar connecting at 
either end to a housing, and demonstrates the need for 
thermally conducting paths of high cross-sectional area 
and the shortest possible length. 


(Al) 


(A2) 


Example 2. 


The second simple model represents the mounting of 
the power device on a plate of conducting materialwhich 
providesthe conducting path to the ambient conditions. 
Consider the simple disc geometry shown in Figure A2 
as a donut-shaped sheet resistor. 
Equation A3 represents 
the electrical resistance between rl and r2, 


R=^-in(n -J 
2irx 
\ 
rl / 
(A3) 


FIGURE A2 - 
Disc-Shaped Thermal Conductor 


using the 
first term of the appropriate power series 
expansion 


jrx\r2 +n/ 


Where: 
p = Resistivity; 


l 


o = Conductivity. 


(A4) 


Replacing the electrical terms with their thermal analogs 
we find: 


I 


Kttx (—) 
\r2 +n/ 


Note the inverse linear dependence of thermal resistance 
on the thickness of the conducting sheet. 
This model demonstrates a major factor in designing 
heat sink structures for stud type power transistors. All 
other factors being equal, the thickness of the thermally 
conducting plate is of prime importance in the solution of 
heat flow problems. 
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BROADBAND LINEAR POWER AMPLIFIERS 
USING PUSH-PULL TRANSISTORS 


Prepared by 
Helge Granberg 
RF Circuits Engineering 


INTRODUCTION 
Linear power amplifier operation, as used in SSB trans 
mitters, places stringent distortion requirements on the 
high-powerstages. To meet these distortion requirements 
and to attain higher power levels than can be generally 
achieved with a single transistor, a push-pull output con 
figuration is often employed. Although parallel operation 
can often meet the power output demands, the push-pull 
mode offers improved even-harmonic suppression making 


it the better choice. 
The exact amount of even-harmonic 
suppression available with push-pull stages is highly de 
pendent on several factors, the most significant one being 
the matching between the two output devices. Neverthe 
less,even inthe worst case the suppression provided in push- 
pull designs is superior to that of single-ended circuits. 
Devicematching however is not limited to push-pull circuits 
since it is also required to a lesser degree in parallel tran 
sistor designs. 
Two linear power amplifier designs are to be discussed 
in this Application Note. 
The 80 Watt design is intended 
for mobile communications systems operating from a 12.5 
V power sources. The other supplies 160 W when operated 
from a 28 V line and it isintended for fix location systems. 
Both designs cover the 3- 30 MHz band and utilize a driver 
stage to provide a total power gain of about 30 dB. Each 
amplifier requires some amount of heat-sinking for proper 
operation. The 28 V amplifier requires a heat-sink with a 
thermal 
characteristic of 0.85°C/W while the 
12.5 V 
version usesa heat-sink witha 1.40°C/W thermal resistance. 
With these heat-sinks, cooling fans are not required for 
normal conditions, since with speech operation the average 
power is some 15 dB below peak levels. However, if two- 
tone bench testing is to exceed more than a duration of 
a few minutes, a cooling fan should be provided. 
Toassureruggedness,engineering modelsof both ampli 
fiers were subjected to open and short circuit output mis 
matches for several minutes at full power levels without 
any apparent damage to any of the transistors. 
This is 
veryimportant in most equipment designsto avoid possible 
downtime for transistor replacements. 


A 28 V, 160 W AMPLIFIER 
An amplifier which can supply 160 watts (PEP) into a 
50 SI load with IMD performance of -30 dB or better is 
shown in the schematic diagram of Figure 1 and photos 
of Figures 2 and 3. Two 2NS942 transistors are employed 
in the design. These transistors are specified at 80 watts 


(PEP) output with intermodulation distortion products 
(IMD) rated at -30 dB. For broadband linearoperation, 
a quiescent collector current of 60-80 mA for each tran 
sistor should be provided. Higherquiescentcurrent levels 
will reduce fifth order IMD products, but will have little 
effect on third order products except at lowerpowerlevels. 
Generally, third order distortion is much more significant 
than the fifth order products. 
Abiasingadjustment is provided in the amplifier circuit 
to compensate for variations in transistor current gain. 
This adjustment allows control of the idling current for 
both the output and driver devices. This control is also 
useful if the amplifier is operated from a supply other 


than 28 volts. 
Even with the biasingcontrol, it is strongly suggested 
that the output transistors be beta matched. As with any 
push-pull design, both dc current gainand power gainat a 
midband frequency should be matched within about 15- 
20%. This matching may require more stringent limits if 
broad-bandingis necessary since broad-band operation re 
quires more effectivecancellationof even harmonics. In 
the engineering model used, the transistors were not per 
fectly matched. Four "similar" pairs were selected from a 
total of ten randomly chosen 2N5942 transistors. Table I 
showsthe measuredharmonic suppression which isdegrad 
ed by the mismatch in the output transistor parameters. 
This data was taken with a single frequency test and 
80 watts average output. 


TABLE I - 
HARMONIC SUPPRESSION OF 28 V AMPLIFIER 
AT FULL OUTPUT POWER 


Harmonic 
2nd 
3rd 
4th 
5th 


3 MHz 
-16 dB 
-30 dB 
-22 dB 
-37 dB 


Frequency 
6 MHz 
-15 dB 
-20 dB 
-21 dB 
-37 dB 


12 MHz 
-16 dB 
-24 dB 
-22 dB 
-34 dB 


30 MHz 
-35 dB 
-20 dB 
-51 dB 
-44 dB 


A 2N6370 transistor isemployed as a driver. This device 
isspecifiedat -30 dB IMDwhen delivering10 watts (PEP). 
However,at about 4.5 W(PEP) output, which is the maxi 
mum necessary to drive two 2N5942 transistors, the IMD 
is typically better than -40 dB with Class B biasing. A 
quiescent collector current levelof at least 10-15 mA pro 
vides best IMD performance with the 2N6370. 
Higher 
current levels will not improve linearity, but will degrade 
driver efficiency. 
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CI - 
0.033 jiF mylar 


C2. C3 - 
0.01 *iF mylar 
C4 - 620 pF dipped mica 
C5. C7. C16 - 
0.1 fiF 
ceramic 
C6 - 
100 MF/15 V olectrolytic 
C8 - 
500 uF/6 V olectrolytic 
C9, C10. C15. C22 - 1000 pF feed through 
C11.C12 -0.01 /iF 
C13. C14 - 
0.015 iiF mylar 
C17 - 
10/1F/35 V olectrolytic 
C18. C19. C21 
- 
Two 0.068 uF mylars in parallel 
C20 - 
0.1 jiF disc ceramic 
C23 - 
0.1 uF disc ceramic 
R1 - 
220 H. 1/4 W carbon 
R2 -47 12. 1/2 W carbon 
R3 -820n. 1 W wireW 
R4 - 
35 S7, 5 W wire W 
R5. R6 - 
Two 150 fl. 1/2 W carbon in parallel 
R7. R8 - 
10 n. 1/2 W carbon 
R9. R11 - 
1 k. 1/2 W carbon 
R10 - 
1 k. 1/2 W potontiomoter 
R12 - 
0.85 fl (6 5.1 n or 4 3.3 SI 1/4 W resistors 
divided equally botweon both emitter loads! 


AN593 


Tl - 
4:1 Transformer. 6 turns. 2 twisted pairs of #26 AWG 
onamoled wire (8 twists por inch) 


T2 - 
1:1 Balun, 6 turns. 2 twisted pairs of #24 AWG 
enameled wire (6 twists por inch) 


T3 - 
Collector choko, 4 turns. 2 twisted pairs of #22 AWG 
enameled wire (6 twists per inch) 


T4 - 
1:4 Transformer Balun. AS.B - 
5 turns. 2 twisted pairs 
of #24. C - 
8 turns. 1 twisted pair of #24 AWG enameled 
wire (AM windings 6 twists per inch). (T4 - 
Indiana 
General F624-19Q1. - 
All others aro Indiana General 
F627«Q1 fernte toroidsor equivalent.) 


PARTS LIST 


Ll - 
.33 jiH, molded choke 
L2. L6. L7 - 
10 jiH, moldod choke 
L3 - 
1.8 |iH (Ohmito 2-144) 
L4, L5 - 
3 forrito beads ooch 
L8. L9 - 
.22 uH. molded choko 


Ql 
- 
2N6370 
Q2. Q3 - 2N5942 
Q4 - 
2N5190 


D1 
- 
1N4001 
D2 - 
1N4997 


J1. J2 - 
BNC conm 


FIGURE 1 - 160 Wail (PEP) Broadband Linear Amplifier 


FIGURE 2 - Photo of 28 V Linear Amplifier 
FIGURE 3 - 
Photo of Back Side of 
28 V Linear Amplifier 
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T2 


O 12.S fi 


T1 


Multiplo Lino transformers mutt be wound blfilarly, 
although not shown here 
NOTE: Pictures do not indicato actual number of turns. 


FIGURE 4 —Transformer Details for 28 V Linear Amplifier 


Feedback 
To compensate for variationsin output with changesin 
operatingfrequency, negativevoltagefeedbackisemployed 
on both the final amplifier and driver stages. At the low 
end of the desired frequency band, approximately 4.5 dB 
of feedback is introduced in the final stage and 15 dB in 
the driver stage. With this feedback and the feedback net 
works shown in the schematic diagram, Figure I, a total 
gain variation of 0.5 dB was measured on an engineering 
prototype amplifier over a 3-30 MHz range. The total gain 
differential in three identical amplifiers constructed for 
evaluation was less than 1.5 dB. 


Transformers Employed 
In order to achieve the desired broadband response, 
transmission line-type transformers were employed for 
coupling and signal-splitting. 
These transformers utilize 
twisted-pair windings and toroidal cores. Transformers Tl, 


T2 and T3 haveturn ratios of 4:1, 1:1 and Irrespectively. 


Additional information on these transformers can be found 
in the references. A short description of each of the trans 
formers will follow. 
Transformer Tl 
provides an impedance transformation 
to match the 50 SI source to the low impedance level 
required at the base of Ql. This transformer consists of 
six turns of two twisted pairswound on a toroidal core. 
The two pairs (four separate wires), are twisted together 
and the two wires from each original pair are soldered 
together at each end. 
Each pair thus connected is shown 
as a single wire in Figure 4. 
The pairs can easily be 
identified 
by choosing wires with two different colors 
of insulation. 


Transformer T2 is a 1:1 Balun consisting of six turns of 
two-twisted pairs of wire (four wires total). 
As shown in 
Figure4 each of the pairsis treated as a single wire. 


MOTOROLA RF DEVICE DATA 


7-73 


AN593 


Transformer T3 consists of four turns of two twisted 
pairs. Again both wires of each pairare soldered together 


at each end. 


Transformer T4 is a 1:4 ratio unbalanced to balanced 
unit with three separate windings. 
A lumped-constant equivalent conventional transformer 
diagramof transformer T4 is shown in Figure5. The two 
windings in a single twisted pairare indicated by similar 
capital and lower case letters (i.e. windingsA and a). The 
output lineof the balunisin the same direction as windings 
A and B while the grounded line isin the opposite direction 
;from the winding it isconnected to. Windings A, a, Band 
b consist of 5 turns of two twisted pairswhile C and c are 
formed from eight turns of a single pair. Connections are 
shown in Figure 4. The three windings are bifilar wound, 
although for simplicity the figuresdo not show this. 
Referring to Figure5 the equivalent connection diagram 
of T4. it can be seen that the sum of the voltages across c 
and C should be equal to the voltageacrosswindingsDb. 
From this, winding cC (a twisted pair)should have twice 
as many turns as twisted pairs aA and bB. Deviations of 
about 
10-20% from 
the 
2:1 
ratio do not 
produce 
noticeable effects. 


a 


D 


"5"C 
5"L 
JIK 
c 
4R 
•JIlC 


A 


_>11 


R 


b 
-)l 


it 
I 


B 
J lit. 


C 


FIGURE 5 — Equivalent Lumped Element Form of T4. 


The ferrite core used for T4 in the partslist of Figure 1 
has a specified maximum flux density of about 100 gauss. 
The flux density may be computed from equation I. 
_Vx 108 
Bmax- 4.44 fnA 
where: 


V = RMS voltage across the winding = 89 
f=frequency inHertz 
=3x10^ 
n = number of turns (windings Aa and Bb only. 
Windings Cc cancel each other) = 20 
A = cross sectional area of Toroid in Cm2 = 0.25 
4.44 = 2rrx 0.707 
therefore: 
89 x 108 


gauss 


Bmax = •4.44(3 xlOb) 20 (.25) 


Despite this slight overrating, this density is not exces- 


(I) 


133 gauss 


Amplifier Performance 
The data shown in the following curves was obtained 
from measurement performed on an engineering model of 
the 28 V 160 Watt (PEP) amplifier. 


-20 
1 
1 
VCC - 28 V 


-30 
3rd Order. 


-40 


-50 
80 
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FIGURE 6 —IMD asa Function of Output Power 
for 28 V Amplifier 
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FIGURE 7 - Output Power for -30 dB IMD 
as a Function of Vcc for 28 V Amplifier 


-20 
1 
VCC = 28 | 1 | 


-30 


-40 
5 
10 
20 
F roq uency 1MH2I 


FIGURE 8 - IMD versus Frequency 
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FIGURE 9 - 
Power Gain versus 
Frequency 
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FIGURE 10 —Total Efficiency versus Frequency 
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FIGURE 11 - VSWR versus Froquency 


AN 80 WATT (PEP) 12.5 - 13.6 V AMPLIFIER 
To complement the 28 Volt amplifier discussed pre 
viously, a second amplifier designed for 12 V operation 
was constructed and evaluated. This amplifier is shown in 
Figures 12, 13 and 14. 
It utilizes a 2N6367 and a pair 
of 2N6368 transistors. The 2N6367 transistor is employed 
as a driver and is specified for up to 9 watts (PEP) out 
put. 
In the amplifier design the driver must supply only 
5 watts (PEP) at 30 MHz with a resulting IMD perform 
ance of about 
-37 to -38 dB. 
At lower operating 
frequencies, drive requirements drop to the 2-3 Watt (PEP) 
range and IMDperformance improves to better than 40 dB. 
The 2N6367 data sheet suggests a quiescent collector cur 
rent of 35 mA, but it was found that increasing this to 
40 mA yielded somewhat better linearity in broadband 
operation. 
Two 2N6368 transistors are employed in the final stage 
of the transmitter design in a push-pull configuration. 
These devices are rated at 40 Watts (PEP) and -30 dB 
maximum IMD, although -35 dB performance is more 
typical for narrow band operation. 
The 2N6368 data sheet suggests a quiescent collector 
current level of 50 mA, but a level of 60 mA for each 
transistor was used in this design for improved linearity. 
Without frequency compensation, ihe completed ampli 
fier can deliver 90 Watts (PEP) in the 25-30 MHz band 
with IMD performance down -30 dB. If only the power 
amplifier stage is frequency compensated, 95 Watts (PEP) 
an be obtained at 6-10 MHz. 


Gain Compensation 
Negative collcctor-to-base feedback isemployed in both 
the driver and output stages for gain compensation. The 
feedback networks consist of: a) a dc blocking capacitor, 
b) a series resistor, to limit the amount of feedback at the 
low frequencies and c) a scries inductor with a parallel 
resistor to determine the feedback slope. 
In general, the use of negative feedback lowers the 
input impedance, and reduces the gain of the amplifier. 
However, it also improves the linearity since some of the 
output signal is fed back to the input and reamplified, 
tending to cancel thedistortion originally generated. This 
is only true at the low frequencies where the phase errors 
are small. The phase error is caused by reactive elements 
in the feedback path. Since the basis for the compensation 
is to introduce more feedback at low frequencies, it will 
also equalize the input impedance to some degree. This, 
in turn, should result in a lower VSWR over the band. 
The following two tables illustrate the affect of com 
pensation on the final amplifier stage. This data was taken 
with a 9:1 
ratio transformer connected between 50 SI 
source and the input balun to the final stage. 
From this table it can be seen that efficiency is reduced 
by applying compensation. 
For this reason only 3 dB 
of compensation was utilized on the final stage. The driver 
stage, where efficiency 
is not of primary concern, was 
actually over compensated. This stage has a gain of 16 dB 
at 30 MHz but only 13 dB at 3 MHz. 
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C1.C14.C18 - 
0.1 uF ceramic. 
C2. C7.C13. C20 -0.001 uF 
food through. 
C3 - 
100 J1F/3V. 
C4. C6 - 0.033 fiF mylar 
C5 -0.0047 \lF mylar. 
C8. C9 - 0.015 and 0.033 /jF mylars in parallel. 
CIO - 
470 pF mica. 
C11.C12 -560 pF mica. 
C15 - 
1000 uF/3 V 
C16. C17 - 
0.015 pF mylar 
C19 - 
lOpF 15 V 
C21, C22 - 
two 0.068 uF mylars in parallel. 
C23 - 330 pF mica 
C24 - 
39 pF mica 
C25 - 680 pF mica 
C26 - 
.01 uF ceramic 


R 1. R6. R7 - 
10 fi. 1/2 W carbon. 
R2 -51 SI. 1/2 W carbon 
R3 -240 Si. 1 wire W 
R4. R5 - 
18 H. 1 W carbon 
R8. R9 - 27 tl. 2 Wcarbon 
R10 - 
33 ll. 6 W wire W 
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TT 
i—°^ 
18^ 
PpC19 


Ll - 0.22 jih molded choko 
L2. L7. L8 
10 uh molded choke 
L5, L6 - 
0.15 ph 
L3 - 
25 t. #26 wire, wound on a 100 ll. 2 W rcsistc 
L4. L9 - 
3 lerrito beads each. 


Tl - 
2 twisted pa 


B 
=-8 turns. 
F627SQ1 or equivaloi 


T2 - 
2 twisted pairs ot #24 
ICoro as above.) 


T3 - 
2 twisted pairs of #20 
(Core as above.) 


T4 - 
A and B - 2 twisted pairs of 
#24 wire. 8 twists por inch. 
5 turns each. 
C 
1 twisted pair of #24 wire. 8 turns. 
Coro - Stackpolo 57 9074-11. Indiana Goneral FG24 19Q1 
or equivalent. 


Q1 
- 
2N6367 


Q2.Q3 -2N6368 


i of #26 wire. 8 twists per inch. 
A -- 4 turns 
oro 
-Stackpole57 9322-11. Indiana 


Dl - 
1N4001 
D2 - 
1N4997 


0.6 1 


ists per 
ch. 6 ti 


ch. 4 ti. 


J1. J2 - 
BNC 


al 


FIGURE 12 - Schematic Diagram of 
12.5 V Amplifi 


FIGURE 13 - 
Photo of Top View of 
12.5 V Linear Amplifier 
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FIGURE 14 - 
Photo of Bottom of 12.5 V 
Linear Amplifier 
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TABLE II - PERFORMANCE OF 12.5 V OUTPUT STAGE WITH 
AND WITHOUT GAIN COMPENSATION 


With Feedback 


3 MHz 


12 MHz 


30 MHz 


GPE 
EFF. 
IMD 
VSWR 


16 dB 


1S.3 dB 


12 dB 


45.5% 


46.5% 


43.0% 


-30 dB 


-31 dB 


-31 dB 


1.6 


2.1 


1.05 


Without Feedback 


3 MHz 


12 MHz 


30 MHz 


GPE 
EFF. 
IMD 
VSWR 


19.2 dB 


16.2 dB 


12.5 dB 


48.0% 


46.8% 


43.0% 


-26 dB 


-30 dB 


-33 dB 


6.5 


2.4 


1.05 


Pai" 
B.BSn 


Tl 


T4 


FIGURE 15 - 
Transformer Details for 
125 V Linear Amplifier 
(See Figure 4) 


son 


I Unbalanced 


Transformer Tl consists of two twisted pairsof wires 
which can be wound on either a single or two separate 
loroids. In the two core approach, both windings have an 
equal number of turns (four). 
If a single core is utilized, 
winding Aa uses four turns while winding Bb uses eight 
turns. 
These lines must be wound bifilar on the core. See 
Figure 15. 
The single core approach was used in the 
engineering model. 


♦ 2.0 v 
t> 


i.ov 
—•» Out 


FIGURE 16 - 
Equivalent Lumped Element 
Form of Tl 


A lumped-constant equivalent conventional transformer 
diagramof transformer Tl is shown in Figure 16. Exami 
nation reveals that since winding B is directly in parallel 
with the series combination of aA, line Bb must have twice 
the number of turns as winding Aa. (The lower case and 
capital letters refer to the two wires in a given twisted 
pair). As an example of the voltage relationships for the 
variouswindings in this transformer, an arbitrary 3 Vinput 
has been shown in the Figure. It can be seen that the 
voltagesgeneratedacrosswindings band Bare out of phase 
and cancel each other. 
Therefore, the resulting output 
is I V (3 V-2 V). 
This transformer may be considered asa combination of 
a 4:1 ratio transformer (aA) and a 1:1 balun (bB), where 
the balun performs the voltage subtraction. 


Transformer T2 consists of two twisted pairs on a single 
core. Both wiresof each pairare soldered together at each 
end. See Figure 15. 
TransformerT3 alsousestwo twisted pairswound on a 
single core. 
Each pair is treated as a single wire by solder 
ing the two wires at each end. 


Transformer T4 uses three separate bifilar windings on 
a single core. Windings aA and bB are balanced while Cc 


is unbalanced. 
Both aA and bB utilize five turns and Cc 
uses eight turns. This is the nearest whole number of turns 
possible to the desired ratio of 1:1.5 for winding Aa and 
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Bb to winding cC. 
Deviations of 10-20% of this ratio are 
allowable without noticeable effects. 
Figure 17 shows the lumped equivalent transformer of 


FIGURE 17 — Equivalent Lumped Element Form of T4 


T4 and the ratio of voltageson the various windingsif one 
voli isapplied to the input. It can be seen that the voltage 
developed across c and C must equal the voltage between 
points D and t on the diagram. Since windings A and b 
arc paralleled and connected to the input, they see one 
volt. Thus the voltage from point D to point E would be 
3 V (I V from A and b plus I V from windinga plus I V 
from winding B). Therefore, the output voltageis3.0 volts 
and the voltage across winding c = -1.5 V and winding 


C = 1.5 V. 
When using twisted-pair transmission line transformers, 
windings with four or more pairs should be avoided as it 
is difficult lo twist such lines uniformly. 
A second amplifier was cva'luaicd with T4 replaced by 
a balun and an iiiisymiiielrical I :*)ratio transformer. Per 
formance rcsitlis wcie very similar to Ihat obtained from 
(lie fiisi veisimi except ihat much moie high frequency 
compensation was necessary. 
This was required because 
il is dilfrcull lo ohiain the low chatacierislic impedance 
iei|iiired lor die h.ilim. lor litis reason capacitors CIO. 
CI I.('12 and C25 were unusually large in value. 


Performance 
Typical performance of the 12.5 volt linear amplifiers 
is provided in the following curves. A calibration curve 
for use to correlate low frequency readings on a power 
meter is also given in Figure 24. 
The harmonic suppression measurements taken at full 
output power levels with a single tone test are illustrated 
in Table II. 
This data suggests that a suitable low-pass 
filter between the amplifier output and the antenna will 
be required to meet harmonic suppression requirements. 
This filter's necessity is common to most broadband ampli 
fier designs. 
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FIGURE 18 - 
IMD as a Function of Output 
Power For Push-Pull Linear Amplifier 
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FIGURE 19 - Maximum Output Power @ 
-30 dB IMD versus Vcc for 12.5 V 
Power Amplifier 
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FIGURE 20 - 
IMD versus Frequency 
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FIGURE 21 — Power Gain versus Frequency 
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FIGURE 22 — Efficiency versus Frequency 
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FIGURE 23 - VSWR versus Frequency 
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FIGURE 24 - Response of HP. 431-432 Power 
Meters at Low Frequencies 


Transformer Data 
As with the 28 V amplifier, transmission line type trans 
formers are employed throughout the 12 V design. Al 
though this type of transformer does not provide optimum 
impedance match, it is easy to duplicate for consistant 
performance results. A similar amplifier was constructed 
with a standard 2:1 ratio coupling transformer insteadof 
the 1:1 ratio balun (T2). This amplifier featured a 40-60% 
improvement in VSWR at all frequencies while gain and 
IMD were basically unchanged from the performanceof 
the model using transmission line type transformers. 
Splitting the compensating capacitor for transformer 
T2 into three parts (CIO, Cll and CI2) will result in 
considerably lower IMD at higher frequencies. Capacitors 
CI 1 and CI 2 should be well matched and therefore should 
be either ±5% or better tolerance fixed value units, or 
variable capacitorssuch as Arco 466 and 469. 
Two factors must be considered in the choice of toroidal 
core materials. 
The first is core losses. The second is the 
power handling capability which is limited by both mag 
netic saturation and heat generation. 
Forthe input transformer(Tl) corelossesareof primary 
concern. 
For the material chosen in this design, a loss 
factor of 1-2mW/cm^ at 3 MHz istypical. This increases 
to 5-10 mW/cm3 at 30 MHz. Forthe size of core usedin 
Tl, a maximum core loss of 1.5-7.0 mW can be expected. 
While this figure seems negligible, it is advantageous to 
use the smallest practical sized core for the input trans 
former consistent with the wire size and required number 
of turns. 
Conversely the core of the output transformer (T4) 
should be as large as possible to be able to handle the 
required power levels and remain in the linear operating 
region of the materials' B-Hcurve. If the core is operated 
near the saturation region of the core material, distortion 
will be generated on the carrierand envelope. This satura 
tion occurs first at low frequencies. However, core heating 
due to lossesis most prevalentat higher frequencies, being 
a function of flux density and operating frequency. The 
maximum recommended flux density for a 1/2" O.D. toroid 
(such as Indiana General F627-8 or Stackpole 57-9322), 
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is 45 to 70 gauss. From the B-H curves it can be seen that 
this is well into the linearregion. 
For the 12-volt amplifier, a flux density of roughly 
180 gauss would be required for a 1/2" O.D. core. Use 
of a larger core reduces the density to about 130gauss. 
As stated in the 28 V amplifier section,althoughthisisin 
excess of the 100 gauss limit suggested for the particular 
core type, it was not found to be excessive. In fact, some 
of the 1/2" O.D. toroids were tested at three to four times 
the maximum recommended flux density, and then com 
pared to a largertoroid of the same material. The distortion 
in each core was small enough not to be noticed in an 
oscilloscope. 
However, there was some amount of heat 
generated in thesmalltoroidat the highfrequencies. Exces 
sive heating is the primary problem that one should be 
first concerned about. 


As a ruleof thumb, the required minimum transformer 
inductance can be determined to have at least 4-5 times 
the reactance of the high impedance port at the lowest 
operating frequency. This means that forT4, the reactance 
would be 250 ohms, which corresponds to roughly 14|iH 


at 3 MHz 
Employing a different wire size or wire with a different 
thickness of dielectric or changing the number of twists 
per inch will alter the line impedance. However, this is 
one of the least critical points in the design of broadband 
linear amplifiers and will mainly affect the amount of 
high frequency compensation required. The variations in 
the transistor input and output impedance over a decade 
frequency range are several times larger than the changes 
in transformer impedance due to wire sizes or twist vari 
ations. Although compromisesin matchingarenecessary 
to tune the wide frequency range, they are most serious 
in the output stage where a mismatch can significantly 
degrade total linearity. 
The maximum theoretical linear output powers for 
the 28 V and 12.5 V amplifiers would be 120 W and 50 W 
respectively, when 4:1 and 9:1 output transformers are 
employed. 
However, due to stray inductances in the circuit, and 
line impedances usually being higher than optimum, the 
actual 
impedance 
ratios of the 
transformers will be 
somewhat higher. 
Thus, if the phase and even harmonic distortions are 
minimized it is possible to obtain higher power levelswith 
fairly low IMD readings despite slight flat-topping of the 
envelope. 


Construction Notes (12.5 V version) 
The circuit board for both amplifier designsis madeof 
two-sided copper-fiberglass laminate. A full sized pattern 
is given in Figures25 and 26. The ground planeson each 
side are connected together at severalpoints with the feed- 
through capacitors,the BNC connectors and the mounting 
screws. From experience with an earlierbroadbandampli 
fier, it was learned that a good ground plane is extremely 
important becauseof the highcurrents and low impedance 
levels involved. The power supply impedance must be as 
low as possible. 


The ac impedance of the supply should not be higher 
than0.01 ohm at the lowestenvelope frequency. 
All dc connections are made on the back side of the 
boardwhichisseparated fromthe heatsinkby 3/32 inches. 
Thebase biasresistors (R3, R10),andallby-pass capacitors, 
except the feed-throughs, are on the back side of the 
board in each end of the heat sink. Diode D2 is press 
fitted into the heat sink for temperature compensation 
of the quiescent collector currents of the 2N6368 tran 
sistors. 
Ceramic capacitors have been avoided, except 
forcertain by-passapplications,because they havespurious 
resonances and, their capacitance values are voltage and 
temperature sensitive. Parallel capacitors are employed to 
increase the current carrying capability and to decrease 
the possibility of self resonances. The peak RF current in 


—I 


FIGURE 25 - 
Bottom PC Board Pattern 


FIGUR E 26 - Top Side of PC Board 


TABLE III - 
HARMONIC SUPPRESSION versus FREQUENCY 


Harmonic 
2nd 
3rd 
4th 
5th 


3 MHz 
-19 dB 
-15 dB 
-26 dB 
-29 dB 


Frequency 
6 MHz 
-17 dB 
-18 dB 
-23 dB 
-35 dB 


12 MHz 
-30 dB 
-20 dB 
-28 dB 
-34 dB 


30 MHz 
-35 dB 
-25 dB 
-50 dB 
-62 dB 


MOTOROLA RF DEVICE DATA 


7-80 


AN593 


Half 
the output transformer primary is, 
'6.25 SI 
of this is supplied by each 2N6368. Thus, the collector. 
isolation capacitors will have to handle 1.77A peak and 
1.26A average currents. 
Even the lead sizes in most ca 
pacitors areinsufficient for thesecurrentlevels. In general, 
the low impedances involved in a 12.5 volt amplifier of 
this power levelmake the layout, construction and com 
ponent selection somewhat critical compared to a higher 
voltage unit. 


CONSTRUCTION NOTES (28 V version) 
The 28 volt unit is less critical than the 12.5 V ampli 
fier as far as the physicalcircuit lay-out is concerned. How 
ever, the same precautions should be taken in grounding 
the by-pass capacitorsand the transformerhighfrequency- 
compensationcapacitors. It is recommendedthat variable 
capacitors, such as the ARCO 460 line be used initially 
for the compensating capacitors. Then after establishing 
satisfactory operation of the unit, they can be changed to 
fixed value capacitors. 


IMPROVED PERFORMANCE 
Since the original work on these amplifiers, device im 
provements have been made. Both IMD and load mis 
match ruggedness characteristics can be enhanced by sub 
stituting the MRF463 or MRF464 for the 2N5942 in the 
28-Volt amplifier. The MRF460 is recommendedfor up 
grading the 12-VoIt amplifier using the 2N6368. Neither 
of these new devices require circuit modifications for 
optimum operation. 
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IMPEDANCE MATCHING NETWORKS 
APPLIED TO RF POWER TRANSISTORS 


Prepared by: 
B. Becciolini 


1. 
INTRODUCTION 


Some graphic and numerical methods of imped 
ance matching will be reviewed here. The examples 
given will refer to high frequency power amplifiers. 
Although matching networks normally take the 
form 
of 
filters and 
therefore are also 
useful 
to 
provide frequency discrimination, this aspect will 
only be considered as a corollary of the matching 
circuit. 
Matching is necessary for the best possible energy 
transfer from stage to stage. In RF-power transistors 
the input impedance is of low value, decreasing as 
the power increases, or as the chip size becomes 
larger. This impedance must be matched either to a 
generator — of generally 50 ohms internal impedance 
- 
or to a preceding stage. Impedance transform 
ation ratios of 10 or even 20 are not rare. Interstage 
matching has to be made between two complex 
impedances, which makes the design still more diffi 
cult, especially if matching must be accomplished 
over a wide frequency band. 


2. 
DEVICE PARAMETERS 


2.1 INPUT IMPEDANCE 


The general shape of the input impedance of RF- 
power transistors is as shown in Figure 1. It is a large 
signal parameter, expressed 
here by 
the parallel 
combinationof a resistance RD and a reactance XD 
(Ref. (1)). 


Fig. 
I 
- 
Input 
impedance ot RF-pof/ter transistors 
at 
a 
function of frequency 


The equivalent circuit shown in Figure 2 accounts 
for the behaviour illustrated in Figure 1. 


With the presently used stripline or flange pack 
aging, most of the power devices for VHF low band 
will have their Rp and Xp values below the series 
resonant point 
fs. 
The 
input impedance will be 
essentially capacitive. 


Where: 


Fig. 2 


l.titi diltu 
resistance 


CD£ *^TE = dWm'on and transi 


tion capacitances ot 


the emitter (unction 


R8B' ~ *"** spreadingresistance 


Cc ~ packagecapacitance 


L5 = base lead inductance 


Equivalent 
circuit 
lor 
the 
input 
impedance of 
RF-power 
transistors 


Most of the VHF high band transistors will have 
the series resonant frequency within their operating 
range, i.e. be purely resistive at one single frequency 
fs, while the parallel resonant frequency fp will be 
outside. 
Parameters for one or two gigahertz transistors will 
be beyond fs and approach fp. They show a high 
value of Rp and Xp with inductive character. 
A parameter that is very often used to judge on the 
broadband capabilities of a device is the input Q or 
Q|N, defined simply as the ratio Rp/Xp. Practically 
Q|N ranges around 1 or less for VHF devices and 
around 5 or more for microwave transistors. 
Q|N 
is an important parameter to consider for 
broadband matching. Matching networks normally 
are low-pass or pseudo low-pass filters. If Q||\j is 
high, it can be necessary to use band-pass filter type 
matching networks and to allow insertion losses. But 
broadband matching is still possible. This will be 
discussed later. 


2.2. OUTPUT IMPEDANCE 


The output impedance of the RF-power transis 
tors, as given by all manufacturers' data sheets, 
generally consists of only a capacitance CrjUT- The 
internal resistance of the transistor is supposed to be 
much higher than the load and is normally neglected. 
In the case of a relatively low internal resistance, the 
efficiency of the device would decrease by the factor: 


1+RL/R, 
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where R|_ isthe load resistance, seen at the collector- 
emitter terminals, 
and 
Ry the 
internal transistor 
resistance equal to: 


wr,CTC +CDCr 


defined as a small signal parameter, where: 
w_ = transit angular frequency 
C 
+ C_., = transition and diffusion capacitances 
TC 
DC 
at foeco||ect0r junction 


The output capacitance CoUT. which is a large 
signal parameter, is related to the small signal para 
meter 
Ccb. tbe collector-base transistion 
capa 
citance. 
Since a 
junction capacitance 
varies with 
the 
applied voltage, CoUT differs from Ccb 'n tnat 'l nas 
to be averaged over the total voltage swing. For an 
abrupt junction and assuming certain simplifications, 
cOUT = 2 CCB- 
Figure 3 shows the 
variation 
of 
CoUT 
with 
frequency. 
CquT decreases partly due 
to 
the 
presence of the collector lead inductance, but mainly 
because of the fact that the base-emitter diode does 
not shut off anymore when the operating frequency 
approaches the transit frequency ij. 


'•OUT,, 


Fig. 3 - 
Output capacitance Cqut. & " function 


of 
frequency 


3. 
OUTPUT LOAD 


In the absence of a more precise indication, the 
output load Ri_ is taken equal to: 
R 
IVCC-VCE (sat) I2 


L= 
2 P 
L 
OUT 
with Vqe (sat) equal to 2 or 3 volts, increasing with 
frequency. 
The above equation just expresses a well-known 
relation, but also shows that the toad, in first approx 
imation, is not related to the device, except for Vce 
(sat)- The load value is primarily dictated by the 
required output power and the peak voltage; it is not 
matched to the output impedance of the device. 


At higher frequencies this approximation becomes 
less exact and for microwave devices the load that 
must be presented to the device is indicated on the 
data sheet. This parameter will be measured on all 
Motorola RF-power devices in the future. 


Strictly speaking, impedance matching is accom 
plished 
only at 
the 
input. 
Interstage and 
load 
matching are more impedance transformations of the 
device input impedance and of the load into a value 
RL (sometimes with additional reactive component) 
that depends essentially on the power demanded and 
the supply voltage. 


4. 
MATCHING NETWORKS 


In the 
following, 
matching 
networks will be 
described by order of complexity. These are ladder 
type reactance networks. 
The different reactance values will be calculated 
and determined graphically. Increasing the number 
of 
reactances broadens the bandwidth. However, 
networks consisting of more than four reactances are 
rare. 
Above four reactances, the improvement is 
small. 


4.1 NUMERICAL DESIGN 


4.1.1 Two-Resistance Networks 


Resistance terminations will first be considered. 
Figure 4 shows the 
reactive 
L-section and 
the 
terminations to be matched. 


Matchingor exact transformation from R2into Ri 
occurs at a single frequency fo- 


At f , X, and X. are equal to: 
0 
1 
2 


xr±RiyR-TR, 


X2 =WR2(R1 ~R2, =R1 


Atf^: X, .X0= R, 


Xi and X2 must be of opposite sign. The shunt 
reactance is in parallel with the larger resistance. 


The frequency response of the L-section is shown 
in Figure 5, where the normalized current is plotted 
as a function of the normalized frequency. 


IfX1 is capacitive and consequently X2 inductive, 
then: 


xr"TRiv4: 
L 
-_!£R 
1 
R„ 
f 
\s/rT^\ 


and x^lvVV^fo*,^1 
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The normalizedcurrent absolute value is equal to: 


2%/n~ 
\/(n - I)2 .(/)4 - 2(^)2 +(n +I)2 


. 
. 
\ZnE 
where Iq=——, and is plotted inFigure 5 (Ref. (2)). 
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Fig. 5 
- 
No 
L- 


rm 


sec 


n = R,/Hj 


0o = \rtTT 


alued frequency 
responu 
tion in low-pass or nig 
• 
for 
the 


h-.-iass 
form 


If Xi is inductive and consequently X2 capacitive, 
the only change required is a repacement of f by f0 
and vice-versa. The L-section has low pass form in 
the first case and high-pass form in the second case. 


The Q of the circuit at f0 is equal to: 


For a given transformation ratio n, there is only one 
possible value of Q. On the other hand, there are two 
symmetrical solutions for the network, that can be 
either a low-pass filter or a high-pass filter. 
The frequency f0 does not need to be the center 
frequency, ^ + f2, of the desired band limited by f1 
and f2. 
~~2 


In fact, as can be seen from the low-pass con 
figuration of Figure 5, it may be interesting to shift fo 
toward the high band edge frequency f2 to obtain a 


larger bandwidth w, where w 
2(vv 
f2"f1 


This will, however, be at the expense of poorer 
harmonic rejection. 


Example: 
For a transformation ratio n = 4, it can be deter 
mined from the above relations: 


Bandwidth w 
0.1 
0.3 
Max insertion losses 
0.025 . 
0.2 
X^Ri 
1.730 
1.712 


Ifthe terminations Ri and R2 have a reactive com 
ponent X, the latter may be taken as part of the 
external reactance as shown in Figure 6. 


«.i: ni, 
r- 
x~ 


Fig. 6 - 
Termination Reactance Compensation 


This compensation is applicable as long as 


XINT 
R1 
INT 
< 
n-1 


INT 


Tables giving reactance values can be found in 
Ref. (3) and (4). 


4.1.1.1 Use of transmission lines and inductors 


In the preceding section, the inductance was 
expected to be realized by a lumped element. A 
transmission line can be used instead (Fig 7). 


a, 
2oi0xi 
UnW 
1—**w 
t 'OOOn 
(—» 
1 i 
i-i 
l_t_r i_LJ 


Fig. 7 
- 
Use of a transmission line in the 
L-st 


As can be seen from the computed selectivity 
curves (Fig. 8) for the two configurations, trans 
mission lines result in a larger bandwidth. The gain is 
important for a transmission line having a length 
L = A/4 (0 = 90°) 
and a characteristic impedance 


Zp=yR-|.R2. It is not significant for lines short 
with respect to A/4. One will notice that there is an 
infinity of solutions, one for each value of C, when 
using transmission lines. 


4.1.2 Three-reactance matching networks 


The networks which will be investigated are shown 
in Figure 9. They are made of three reactances 
alternatively connected in series and shunt. 
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A three-reactances configuration allows to make 
the quality factor Q of the circuit and the transform- 
R2 
ation ratio n - 
-jr— independent of each other and 
R1 
consequently 
to 
choose the 
selectivity between 
certain limits. 
For 
narrow 
band 
designs, 
one 
can 
use 
the 
following formulas (Ref. (5) AN-267, where tables are 
given): 


Network (a): 


X 
= 
R /Q 
Q must be first selected 


X^„ —H-_ 
C2 
2 
R1R2 
{Q+1,-Ri 


QR1 +tB1R2/xc2> 


Q2+ 1 


i 'pO UTre1. 


1.0 


.9 
1 
rv \ 
1 
\ 
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1 
' 


<• 
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/ 
< 


/ 


. 


t 
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s 
• 
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L 
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z/0 


( 
r* 


C 
!k 
T 
!RL 


(a) 
(bl 


Transformation 
ratio 
n 
= 
10 


Fig. 
8 - 
Bandwidth 
of the 
L-section 
for n 
(a) with lumped constants 
= 
10 


(b) with a transmission line f^/4) 
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«2 
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XC1 
R2 


Fig. 9 - 
Three-reactance matching networks 


Network (b) : 


XL1 " R1° 


X,„ 
= 
R„B 
L2 
2 


CI 
Q+B 


Network (c) 


XL1=QR1 


*™ = A.R„ 
C2 
2 


CI 
Q-A 


Q must first be selected 


A = R7 (1+Q ) 


•JF 


Q must first be selected 


b 
= 
r 
. {i + cr) 


The network which yields the most practical com 
ponent values, 
should 
be 
selected 
for 
a 
given 
application. 
The three-reactance networks can be thought of 
as being formed of a L-section (two reactances) and 
of 
a 
compensation 
reactance. 
The 
L-section 
essentially performs the impedance transformation, 
while the additional reactance compensates for the 
reactive part of the transformed impedance over a 
certain frequency band. 
Figure 10 shows a representation in the Z-plane of 
the circuit of 
Figure 9 
(a) 
split 
into two 
parts 
R1-C1-L1 and C2-R2- 
Exact transformation from F\y into R2 occurs at the 
points of intersection M and N. Impedances are then 
conjugate or Z'=R' + jX' and Z"=> R" + jX".with R'- R" 
and X*=--X". 
The only possible solution is obtained when X' and 
-X" are tangential to each other. For the dashed 
curve, representing another value of Li or C-|, a 
wider frequency band could be expected at the 
expense of seme ripple inside the band. However, 
this can only be reached with four reactances as will 
be shown in section 4.1.3. 


AN721 


With a three-reactance configuration, there are not 
enough degrees of freedom to permit X'= —X" and 
simultaneously 
obtain 
the 
same 
variation 
of 
frequency on both curves from M' to point 
N'. 


.,:: T' 
ir 


1 • U>' R.' C,' 


i. u< cy r, 
!• w' C,' R, 


Fig W - 
Z-plane representation of the circuit of Fig. 9 fa) 


Exact transformation 
can, 
therefore, 
only 
be 
obtained at one frequency. 
The values of the three reactances can be calcu- 


. dX' 
dX" 
ar|d -TrT. = - -rzrr. . 
dR' 
dR" 
lated by making X' = -X", R' = R' 


The general solution of these equations leads to 
complicated 
calculations. 
Therefore, 
computed 
tables should be used. 
One willnote on Figure 10 that the compensation 
reactance 
contributes 
somewhat 
to 
impedance 
transformation, i.e. R' varies when going from M to 
R2. 
The circuit of Figure 9 (b) is dual with respect to 
the first one and gives exactly the same results in a 
Y-plane representation. 
Circuit of Figure 9 (c) is somewhat different since 
onlyone intersection M exists as shown in Figure 11. 
Narrower frequency bands must be expected from 
this configuration. The widest band is obtained for 
Ci 
= 00. 
Again, if one of the terminations has a reactive 
component, the latter can be taken as a part of the 
matching network, provided it is not too large (see 
Fig. 6). 
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n2,G2»i! 
XI 


g- ♦io- = —v-y^—7S-2 
Ik/CjO, 
1*W*C,R^ 


Y" 
= 
C" »|B" 


k = L, / C,R ' 
=- vfc''"l-G-2 
B" =(l/kRj-G-lVl'G'-Rj- 1 
L,/ CjR/ 


B' .-B" 


Fig. It - 
Y-plane representation of the circuit of fig. 
91c) 


4.1.3 Four-reactance networks 


Four-reactance networks are used essentially for 
broadband matching. The networks which will be 
considered in the 
following consist of two two- 
reactance sections in cascade. Some networks have 
pseudo low-pass filter character, others band-pass 
filter 
character. 
In 
principle, 
the 
former 
show 
narrower 
bandwidth 
since 
they 
extend 
the 
impedance transformation to very low frequencies 
unnecessarily, while the jatter insure good matching 
over a wide 
frequency band around the center 
frequency only (see Fig. 14). 


X2 
I M 
x3 
»* 
Xj | M 
X4 
•—t-^oTfiP' | Trctr-0 
» i ii i i TrfftT-' 
"i jxi 
' jx4 
«2 
«i pxi !:U3 
r2 
•—J 
r-* 
» 
•—! 
i-i 
• 


ri) 
X, 
Xj 
—p^ryiri 
r 
• 
^r-^roTrVt-Tnnj^ 


"' r ' IiFt*2 
"' 
3 R* 
1 


Fig. 
12 - 
Four-reactance networks 


The 
two-reactance 
sections 
used 
in 
above 
networks have either transformation properties or 
compensation properties. Impedance transformation 
is obtained with one series reactance and one shunt 
reactance. 
Compensation 
is 
made 
with 
both 
reactances in series or in shunt. 
If two cascaded transformation networks are used, 
transformation is accomplished partly by each one. 
With 
four-reactance 
networks 
there 
are 
two 


frequencies, fi and fo, at which the transformation 
from Ri into R2 is exact. These frequencies may also 
coincide. 
For network (b) for instance, at point M, R^ or R2 
is transformed into 
1/R1R2 when both frequencies 
fall together. At all points (M), Z1 and Z2 are 
conjugate if the transformation is exact. 
In the case of Figure 12 (b) the reactances are 
easily.calculated for equal frequencies: 
X- 
"1 
x =R A/"~1 
1 N/v/n~TT' 2 ^ 
n XrX4=RrR2=X2.X3 


x = 
!_ 
Vn(\/n- 
1) 
vATtT 


For network (a) normally, at point (M), Z\ and Z2 
are complex. This pseudo low-pass filter has been 
computed elsewhere (Ref. (3D. Many tables can be 
found in the literature for networks of four and more 
reactances having Tchebyscheff character or maxi 
mally-flat response (Ref. (3), (4) and (6)). 
Figure13 shows the transformation path from Ri 
to R2 for networks (a) and (b) on a Smith-Chart (refer 
also to section 4.2, Graphic Design). 
Case 
(a) 
has 
been 
calculated 
using 
tables 
mentioned in Ref. (4). 
Case (b) has been obtained from the relationship 
given above for X-| . . . X4. Both apply to a trans 
formation ratio equal to 10 and for Ri ^= 1. 


la) 
X. = 0.624 
X, = 0 169 
lb) 
X-, = 0 68 
X-, = 0.215 
( 
(3 
I ' 
( 3 
B, = 16 
n 
to 
a*. - i .ii 
o' 
= 4 65 
B3 = 59 


X, 
= 
0 160 


•1 
X2 
x« 
—l-TroT^-f-^TroTP- 
'i| ^xi 
?*s 


Q-, 
= Q-, = 1 47 
ti 


innr-i 


Fig. 
13 
- 
Transformation paths 
for 
networks (a) and lb) 
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Thereis no simple relationshipfor X'i . . . X'4 of 
network (b) if f-) is made different fromf2 for larger 
bandwidth. 
Figure 14 shows the respective bandwidths of net 
work (a) and lb) for the circuits shown in Figure 13. 
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l. 
14 - 
Selectivity curves for networks (a) and 


lb) 
ot Fig. 
13 


If the terminations contain a reactive component, 
the computed values for X-| or X4 may be adjusted to 
compensate for this. 
For configuration (a), it can be seen from Figure 
13, that in the considered case the Q's are equal to 
1.6. 
For configuration (b) Q'1, which is equal to Q'2, is 
fixed for each transformation ratio. 


n 
2 
4 
8 
10 
16 
Q'l=Q2 0.65 
1 
1.35 
1.46 
1.73 
-jjry 


The maximum value of reactance that the termin 
ations may have for use in this configuration can be 
determined from the above values of Q'. 
If R1 is the load resistance of a transistor, the 
internal transistor resistance may not be equal to Ri. 
In this case the selectivity curve will be different from 
the curves given in Figure 14. Figure 15 shows the 
selectivity for networks (a) and (b) when the source 
resistance R1 is infinite. 
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Selectivity 
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la) and lb) 
° 


of 
Fig. 13 with infinite Rt 


From Figure 15 it can be seen that network (a) is 
more sensitve to R] changes than network (b). 
As mentioned earlier, the four-reactance network 
can also be 
thought of as two cascaded 
two- 
reactance sections; one used for transformation, the 
other for compensation. Figure 16 shows commonly 
used 
compensation networks, together with 
the 
associated L-section. 


The circuit of Figure 16 (a) can be compared to the 
three-reactance network shown in Figure 9 fc). The 
difference isthat capacitorC2of that circuithas been 
replaced by a L-C circuit. The resulting improvement 
may be seen by comparing Figure 17 with Figure 11. 


compensation 
network 
i—nnriTM—• 
»-,oTnr^Hr-^> 
•-—i 
H 


i 
s_i 


Fig 
16 
- 
Compensation networks used with 
a L-section 


j-2 
I—TfoTT- 
_ >_,_ 
C, 
-TTdTP-lr-) 


||WL,-1/CJC,I 
V 
= G- -, jB' 
= 
R, +l<JL)-1/ux;1)' 
R^ » lut^l/wC,)2 


V- =G" -JB" = , 
"?, t+ IL*C 
L2 
, 
-«/v^ 


B" 
= 
I 1/kR. 
VC"R2 


Fig. 17- 
Y-plane representation of the circuit of Fig.16lal 
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By adding one reactance, exact impedance trans 
formation is achieved at two frequencies. It is now 
possibleto choose component values such that the 
point of 
intersection 
M' 
occurs 
at 
the 
same 
frequency f1on both curvesand simultaneously that 
N' occurs at the same frequency f2 on both curves. 
Among the infinite number of possible intersections, 
only one allows to achieve this. 


When M'andN'coincide ir. M, the new 
dX'= dX" 
condition 
df 
df 
can be added to the condition 
X' = -X" 
(for three- 
networks) and similarly R'=R" and 
dR' _ dR". 
df 
" df 


Iff-| is made different from f2< a larger bandwidth 
can be achieved at the expense of some ripple inside 
the band. 
Again, a general solution of the above equations 
leads to still more complicated calculations than in 
the case of three-reactance networks. Therefore, 
tables are preferable (Ref. (3), (4) and (6)). 
The circuit of Figure16 (b) is dual of the circuit of 
of Figure 14 (a) and does not need to be treated 
separately. It gives exactly the same results in the 
Z-plane. Figure16 (c) shows a higher order compen 
sation requiring six reactive elements. 
The 
above 
discussed 
matching 
networks 
employing compensation circuits result in narrower 
bandwidths than the former solutions (see 
para 
graph 4.1.3) using two transformation sections. A 
matchingwith higherordercompensation such as in 
Figure 16(c) is not recommended. Better use can be 
made of the large number of reactive elements using 
them ail for transformation. 
When the above configurations are realized using 
short portions of transmission lines, the equations or 
the usual tables no longer apply. The calculations 
must be carried out on a computer, due to the 
complexity. However, a graphic method can be used 
(see next section) which will consist essentially in 
tracinga transformation path on the Z-Y-chart using 
the computed lumped element values and replacing 
it by the closest path obtained with distributed con 
stants. The bandwidth change is not significant as 
long as short portions of lines are used (Ref. (13)). 


4.1.4 Matching networks using quarter-wave 
transformers 


At sufficiently high frequencies, where A/4-long 
lines of practical size can be realized, broadband 
transformation can easily be accomplished by the 
use of one or more X/4-sections. 
Figure 18 summarizes the main relations for (a) 
one-section and (b) two-section transformation. 


RjJi 
ii-. 
i/srs?=R2vs'=-v7= 


1 z2 = vrT"? 


,t A. R = VR, Rj 


Fig. 
18 - 
Transformation networks using */4-long 
transmission 
lines 


A compensation network can be realized using 
a A/2-long transmission line. 
Figures 19and 20 show the selectivity curves for 
different transformation ratios and section numbers. 
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Fig. 20 
- 
Selectivity curves for 
one. 
two and three 
^/4-sections 


Exponential lines 


Exponential lines have largely frequency indepen 
dent transformation properties. 
The characteristic impedance of such lines varies 
exponentially with their length I: 
_ 
, 
kl 
Z = Z 
.e 
o 
where k is a constant, 
but these properties are preserved only if k is small. 
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4.1.5 Broadband matching using band-pass filter 
type networks. High Q case. 


The above circuits are applicable to devices having 
low input or output Q, if broadband matching is 
required. Generally, if the impedances to be matched 
can be represented for instance by a resistor R in 
series with an inductor L (sometimes a capacitor C) 
within the band of interest and if L is sufficiently low, 
the latter can be incorporated into the first inductor 
of the matching network. This is also valid if the 
representation consists of a shunt combination of a 
resistor and a reactance 
Practically this is feasible for Q's around one or 
two. 
For 
higher 
Q's 
or 
for 
input 
impedances 
consisting of a series or parallel resonant circuit (see 
Fig. 2), as it appears to be for large bandwidths, a 
different treatment must be followed. 
Let us first recall that, as shown by Bode and Fano 
(Ref. (7) and (8)), limitations exist on the impedance 
matching of a complex load. In the example of Figure 
21, the load to be matched consists of a capacitor C 
and a resistor R in shunt. 


Matching 


Network 


(lossless) 


Fig. 21 - 
General matching conditions 


The 
reflection coefficient between 
transformed 
load and generator is equal to: 


"Z.N +Rg 


r = 0, perfect matching. 


T = 1, total reflection. 


The ratio of reflected to incident power is: 


--M2 
Pi 
I 
I 
The fundamental limitation on the matching takes 
the form: 
/' ln(ifi,dW<RC 
Bode equation 


and is represented in Figure 22. 
The meaning of Bode equation is that the area S 
under the curve cannot be greater than 57;and there 
fore, 
if 
matching 
is 
required 
over 
a 
certain 
bandwidth, this can only be done at the expense of 
less power transfer within the band. Thus, power 


transfer and bandwidth appear as interchangeable 
quantities. 
It is evident that the best utilization of the area S is 
obtained when|r| 
is kept constant 
over the 
desired band u>cand made equal to 1 over the rest of 


the spectrum. Then|r| = e 
<°CRC 
within the band 
and no power transfer happens outside. 
A network fulfilling this requirement cannot be 
obtained in practice as an infinite number of reactive 
elements would be necessary. 
If the attenuation a is plotted versus the frequency 
for practical cases, one may expect to have curves 
like the ones shown in Figure 23 for a low-pass filter 
having Tchebyscheff character. 
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Fig. 2 3 


CO, 
1^ 


— Attenuation versus angular frequency for 


different bandwidths with same load 


For a given complex load, an extension of the 
bandwidth from cos to o>2< is possible only with a 
simultaneous increase of the attenuation a. This is 
especially noticeable for Q's exceeding one or two 
(see Figure 24). 
Thus, devices having relatively high input Q's are 
useable 
for 
btoadband 
operation, 
provided 
the 
consequent higher attenuation or reflection intro 
duced is acceptable. 
The general shape of the average insertion losses 
or attenuation a (neglecting the ripple) of a low-pass 
impedance 
matching 
network 
is 
represented 
in 
Figure 24 as a function of 1/Q for different numbers 
of network elements n (ref. (3)). 


db 


~ 
4 \ 


3V 
a 
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Fig. 
24 - 
Insertion 
losses as a 
function 
of 
1/Q 
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For a given Q and given ripple, the attenuation 
decreases if the number n of the network elements 
increases. But above n = 4, the improvement is 
small. 
For a given attenuation a and bandwidth, the 
larger n the smaller the ripple. 
For a given attenuation and ripple, the larger n the 
larger the bandwidth. 
Computations show that for Q < 1 and n « 3 the 
attenuation is below 0.1 db approximately. 
The 
impedance transformation ratio is not free here. The 
network is a true low-pass filter. For a given load, the 
optimum generator impedance will result from the 
computation. 
Before impedance transformation is introduced, a 
conversion 
of 
the 
low-pass 
prototype 
into 
a 
band-pass filter type network must be made. Figure 
25 summarizes the main relations for this conversion. 


\ 


Band-pass 


/ 
VruKT.4 


wa 
"o 
X 
fW'PffiHfr 


HI,' 
C2 = ,.C2 
l2 = 
S> 
Cj- 


Fig. 25 - 
Conversion 
from low-pass into band-pass filter 


r is the conversion factor. 
Forthe band-passfilter, Q|n maxor the maximum 
possibleinput Q of a device to be matched, has been 
increased by the factor r (from Figure 25, Q'|N m_x 
= rQIN max'- 
Impedance inverters will be used for impedance 
transformation. These networks are suitable for 
insertion intoa band-passfilter withoutaffectingthe 
transmission characteristics. 
Figure 26 shows four impedance inverters. It will 
benoticedthat one of the reactances is negativeand 
must be combined in the band-pass network with a 
reactance of at least equal positive value. Insertion of 
the inverter can be made at any convenient place 
(Ref. (3) and (9)). 
When using the band-pass filter for matching the 
input impedance of a transistor, reactances L'i C* 
should be madeto resonate at a>0 by addition of a 
convenient series reactance. 
Asstatedabove, theseriescombination of Ro, L'i 
and C'i normally constitutes the equivalent input 
network of a transistor when considered over a large 
bandwidth. This is a good approximation up to about 
500 MHz. 


Inverter 
c 
Equivalent 
_£— 
—j- 
1-1/n 
!/n' -1/n 
—tr—f 
II 


—rH*~i— 
W 
llt-nJC 
Xln2-n) 
T 
T 


lll-1/nl 
LI1/n2-l/nl 


'oTftr-T 
U 
±-. 
l_E 


Fig 26 - 
Impedance inverters 


In practice the normal procedure for using a band 
pass 
filter 
type 
matching 
network 
will 
be 
the 
following: 


(1) 
For a given bandwidth, center frequency and 
input impedance of a device to be matched e.g. 
to 50 ohms, first determine Q|n' from the data 
w 
L' 
sheet as —2—1 after having eventually added a 
R 
o 
series reactor for centering, 


(2) Convert the equivalent circuit R0L-| ' C-|' into a 
low-pass prototype R0 Li and calculate Q|n 
using the formulas of Figure 25, 


(3) 
Determine the other reactance 
values 
from 
tables (Ref. (3)) for the desired bandwidth, 


(4) 
Convert the element values found by step (3) 
into series or parallel resonant circuit 
para 
meters, 


(5) 
Insert the impedance inverter in any convenient 
place. 


In the above discussions, the gain roll-off has not 
been taken into account. This is of normal use for 
moderate 
bandwidths 
(30% 
for 
ex.). 
However, 
several 
methods can 
be 
employed 
to 
obtain a 
constant gain within the band despite the intrinsic 
gain decrease of a transistor with frequency. 
Tables have been computed elsewhere (Ref. (10)) 
for matching networks approximating 6 db/octave 
attenuation versus frequency. 


Another method consists in using 
the 
above 
mentioned network and then to add a compensation 
circuit as shown for example in Figure 27. 
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Fig. 
27 
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Roll-off compensation 
network 
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Resonance wD is placed at the high edge of the 
frequency band. Choosing Q correctly, roll-off can be 
made 6 db/octave. 


The response of the circuit shown in Figure 27 is 
expressed by: 


w 
w 
' where w<cj. 
2 
b 2 
b 
1 +Q 
( 
-) 


This must be equal to — for 6db/octave compen 
sation, 
b 


At the other band edge a, exact compensation can 
be obtained if: 
cjl „ 
l-^)2-1 
CJ 
Q-—2 
^-<-V 


4.1.6 Line Transformers 


The broadband properties of line transformers 
make them very useful in the design of broadband 
impedance matching networks (Ref. (11) and (12)). 
A very common form is shown by Figure28. This is 
a 4:1 impedance transformer. Other transformation 
ratios like 9 : 1 or 16 : 1 are also often used but will 
not be considered here. 


Ml 


i 


Zn 
= Bn'2 
1 


Fig. 28 — 4:1 line transformer 


The high frequency cut-off is determined by the 
length of line which is usually chosen smaller than 
X min/8. Short lines 
extend the high 
frequency 
performance. 
The low frequency cut-off is determined first by 
the length of tine, long 
lines extending the low 
frequency 
performance of the transformer. 
Low 
frequency cut-off is also improved by a high even 
mode impedance, which can be achieved by the use 
of ferrite material. With matched ends, no power is 
coupled through the ferrite which cannot saturate. 
For matched impedances, 
the 
high 
frequency 
attenuation a of the 4 : 1 transformer is given by: 


_(1+3cos2ffl/A)3>-*-4sin22rrl/$ 


4(1 +cos2ff,A)2 


For I = \/4, a = 1.25 or 1 db ; for I = A/2, a = oo 


The characteristic impedance of the line trans 
former must be equal to: 


Zo= tfRg.R . 


Figures 29 and 30 show two different realizations 
of 4 
: 1 transformers for a 50 to 12.5 ohm-trans 
formation designed for the band 118-136 MHz. 
The transformers are made of two printed circuit 
boards or two ribbons stuck together and connected 
as shown in Figures 29 and 30. 
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Fig, 29 - 
4:1 tine tnnsformtr on px. board 
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Lin o transformer on p.c. board (Fig. 29} 
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4.2 GRAPHIC DESIGN 


The common method of graphic design makes use 
of the Impedance-Admittance Chart (Smith Chart). 
It is applicable 
to 
all 
ladder-type 
networks 
as 
encountered in matching circuits. 
Matching is supposed to be realized by the suc 
cessive algebraic addition of reactances (or suscept- 
ances) to a given start impedance (or admittance) 


until 
another 
end 
impedance 
(or 
admittance) 
is 


reached. 
Impedance chart and admittance chart can be super 
imposed 
and 
used 
alternatively 
clue 
to the fact 
that 
an immittance point, defined by its reflection coefficient 
P with respect to a reference, is common to the Z-chart 
and 
the 
Y-chart, 
both 
being 
representations in the 
P plane. 


Z-R 


Gt + Y 


Characteristic 
impedance of the line 


More precisely, the Z-chart is a plot in the V -plane, 
while the Y-chart is a plot in the —T -plane. The change 
from the T to —V -plane is accounted for in the con 
struction rules given below. 
Figure 31 and 32 show the representation of normal 
ized Z and Y respectively, in the 1' -plane. 
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Fig. 31 - 
Representation of the normalired Z values 


m the 
V-plane 
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Representation of the normalized Y-values 


in 
the '- plane 


The Z-chart is used for the algebraic addition of 
series reactances. The Y-chart is used for the alge 
braic addition of shunt reactances. 
For the practical use of the charts, it is convenient 
to make the design on transparent paper and then 
place it on a usual Smith-chart of impedance type (for 
example). For the addition of a series reactor, the 
chart will be placed with "short" to the left. For the 
addition of a shunt reactor, it will be rotated by 180° 
with "short" (always in terms of impedance) to the 
right. 
The following design rules apply. They can very 
easily be found by thinking of the more familiar Z and 
Y representation in reactangular coordinates. 


For joining two impedance points, there are a 
infinity of solutions. Therefore, one must first decide 
on the number of reactances that will constitute the 
matching network. This number is related essentially 
to the desired bandwidth and the transformation 
ratio. 


Addition of 
Chart to 
be used 
Direction 
Using curve 
of constant 


series R 


series G 


series C (+:—^) 
jcjC 


shunt C (+ju>C) 


series L {+ jwL) 


shunt L (+^-) 
|wL 


Z 


Y 


Z 


Y 


Z 


Y 


open 
(in terms of 
admittance) 
short 
(in terms of 
admittance) 


ccw 


CW 


CW 


CCW 


x 


b 


r 


9 


r 


9 


Secondly, one must choose the operating Q of the 
circuit, which is also related to the bandwidth. Q can 
be defined at each circuit node as the ratio of the 
reactive part to the real part of the impedance at that 
node. The Q of the circuit, which is normally referred 
to, is the highest value found along the path. 
Constant Q curves can be superimposed to the 
charts and used in conjunction with them. In the 
T -plane, Q-curves are circles with a radius equal to 


v< 
1 +-- 
—7 
and a center at the point 
+ - 
on the 
Q 
~Q 
imaginary axis, which is expressed by: 


Q=-= 
27: 


2 
2 
t. 
-y. 


2 
1 
2 
y 
+(T.+i) ! 1 +- 


The use of the charts will be illustrated with the 
help of an example. 
The following series shunt conversion rules also 
apply: 


!|R 


R' 


1+- 


1 +- 


G* 
= 
R' 


-B' 
= —X' 


R2^ 


2 
2 
R 
+X 
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Fig 33 - 
Narrow, band VHF power amplifier 


Figure 33 shows the schematic of an amplifier 
usingthe 2N5642 RF powertransistor. Matchinghas 
to be achieved at 175 MHz, on a narrow band basis. 
The rated output power for the device in question 
is 20 W at 175 MHzand 28 V collector supply. The 
input impedance at these conditions is equal to 2.6 
ohms in parallel with -200 pF (see data Sheet). This 
converts to a resistance of 1.94 ohms in series with a 
reactance of 1.1 ohm. 


The collector load must be equal to: 


I Vcc - Vce (sat) ] 


2xP 


( 28 - 3 ) 
40 
= 
15.6 ohms. 


The collector capacitance given by the data sheet 
is 40 pF, corresponding to a capacitive reactance of 
22.7 ohms. 
The output impedance seen by the collector to 
insure the required output power and cancel out the 
collector capacitance must be equal to a resistance 
of 15.6 ohms in parallel with an inductance of 22.7 
ohms. This is equivalent to a resistance of 10.6 ohms 
in series with an inductance of 7.3 ohms. 
The input Q is equal to, 1.1/1.94 or 0.57 while the 
output Q is 7.3/10.6 or 0.69. 
It is seen that around this frequency, the device 
has good broadband capabilities. Nevertheless, the 
matching circuit will be designed here for a narrow 
band 
application 
and 
the 
effective 
Q 
will 
be 
determined by the circuit itself not by the device. 
Figure 34 shows the normalized impedances (to 
50 ohms). 


0 022 
r/7oTu-° 


_0J46 
I—mpp-—° 


Load •mpettjocr 


Fig 34 - NormtUied ,nput andoutput impedances 


for 
the 2N5642 


Figure 35 shows the diagram used for the graphic 
design of the input matching circuit. The circuit Q 
must be larger than about 5 in this case and has been 
chosen equal to 10. At Q = 5, Ci, would be infinite. 
The addition of a finite value of C-| increases the 
circuit Q and therefore the selectivity. The normal 
ized 
values between brackets in the 
Figure are 
admittances (g + j'b). 


At f = 175MHz, the following results are obtained: 


uL„ = 50x„ = 50 (0.39 - 0.022) = 18.5 ohms 
"3 
3 
L 
= 16.8nH 


wC. ==^ b ==^ (2.5 - 0.42) =0.0416 mhos 
2 50 2 50 
.\C2 =37.8pF 


-Jr- =50x =50 .1.75 =87.5 ohms 
wC1 
:.C =10.4pF 


Figure 36 shows the diagram for the output circuit, 
designed in a similar way. 


Here, the results are (f = 175MHz ) : 


wL 
= 50.x 
= 50 . (0.4 + 0.146) = 27.3 ohms 
44 
AL, =24.8nH 
4 


uC. = r!s b_ =-=^ . 1.9 = 0.038 mhos 
.\ C_ = 34.5 pF 
o 
ou 
o 
bu 
a 


The circuit Q at the output is equal to 1.9. 
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Fig. 35 - 
Input circuit design 


fig 36 
Output circuit design 
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The selectivity of a matching circuit can also be 
determined graphically by changing the x or b values 
according 
to 
a 
chosen frequency 
change. 
The 
diagram will give the VSWR and the attenuation can 
be computed. 
The graphic method is also useful for conversion 
from a lumped circuit design into a stripline design. 
The immittance circles will now have their centres on 
the 1 + jo point. 
At low impedance levels (large circles), the differ 
ence between lumped and distributed elements is 
small. 


5. 
PRACTICAL EXAMPLE 


The example shown refers to a broadband ampli 
fier stage using a 2N 6083 for operation in the VHF- 
band 118-136 MHz. The 2IM 6083 is a 12.5 V-device 
and, since amplitude modulation is used at these 
transmission frequencies, that choice supposes low 
level modulation associated with a feedback system 
for distortion compensation. 
Line transformers will be used at the input and 
output. Therefore the matching circuits will reduce to 
two-reactance networks, due to the relatively low 
impedance transformation ratio required. 


5.1 DEVICE CHARACTERISTICS 


Input impedance of the 2N 6083 at 125 MHz: 


R 
= 0.9 ohms 
P 


C 
=-390pF 
P 


Rated output power: 
30W for 8W input at 175MHz. From the data sheet 
it appears that at 125MHz, 30W output will be 
achieved with about 4W input. 


Output impedance: 


[Vcc 
Vce(sat))2s10n 
67phms 
2xP 
60 
out 


C 
= 180 pF at 125 MHz 
out 


5.2 CIRCUIT SCHEMATIC 
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Circuit schematic 


5.3 TEST RESULTS 
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118-136 MHz amplifier (see Fig. 37) before coil 
adjustment. 
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BROADBAND TRANSFORMERS AND POWER 
COMBINING TECHNIQUES FOR RF 


Prepared by 
H. Granberg 
RF Circuits Engineering 


INTRODUCTION 


The following discussion focuses on broadband trans 
formers for RF power applications with practical examples 
of various types given with performance data. Detailed 
design formula are available in the Reference section. 
Power combining techniques useful in designing high 
power amplifiersarc discussedin detail. 


BROADBAND TRANSFORMERS 
The input and output transformers arc among the most 
critical components in the design of a multi-octave ampli 
fier. The total performance of the amplifier (linearity, 
efficiency. VSWR, gain flatness) will depend on their 
quality. Transformers with high impedance ratios andfor 
low impedances are more difficult to designin general.In 
the transmission line transformers very low line impedances 
are required,which makesthem impractical forhigher than 
16:1 impedance ratios in a SO-Ohm system. Other type 
transformers require tight coupling coefficients between 
the primary and secondary, or excessive leakage induct 
ances will 
reduce the effective bandwidth. Twisted line 
transformers (Rgure IC, D, F, G) are described in Refer 


ences 1, 2, and 4. Experiments have shown that the di 
electric losses in certain types of magnet wire, employed 
for the twisted lines, can limit the power handling cap 
ability of such transformers. This appears as heat generated 
within the transformer at higher frequencies, although part 
of this may be caused by the losses in the magnetic core 
employed to improve the low frequency response. At low 
frequencies, magnetic coupling between the primary and 
secondary is predominant. At higher frequencies the leak 
age inductance increases 
and 
the 
permeability of the 
magnetic material decreases, limiting the bandwidth unless 
tight capacitive coupling is provided. In a transmission line 
transformer this coupling can be clearly defined in the 
form of a line impedance. 
The required minimum inductance on the low imped 
ance side is: 


L = 4R 


2irf 


L = Inductance in pil 
where 
R = Impedance in Ohms 
f = Frequency in MHz 


This applies to all transformers described here. 
Some transformers, which exhibit good broad band per 
formance and are easy to duplicate are shown in Figure I. 


FIGURE 1 - 
HF Broadband Transformers 
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Transformers E and F areintended for input applica 
tions, although Ain asmaller physical form is also suitable! 
In E, the windings are photo etched on double sided 
copper-Kapton*(orcopper-fiberglass) laminate.The dielec 
tric thickness is 3 mils, and the winding area is 0.2S in2. 


£ 
2 


25 12: 50iU^ 


y<s^ 
0.1 
0.3 
0.5 
0.7 
0.9 
Transformer size (Aroa ln.2) 


FIGURE 2 —Laminate Thickness versus Winding Area 


Solder Area 68 


Ferrite Material 82 
Patent Applied for. 


FIGURE3 - DetailedStructure of TransformerShown in Figure1E 


•Trademarkof E. I. DuPont,De Nemours aridCo., Inc. 


Ferrite plates (jur = 2000 to 3000) are cemented on each 
side to improve the low frequency response. This type 
transformer in the size shown, can handle powerlevelsto 
10 W. Figure 2 shows curves for laminate thickness versus 
winding area for variousimpedance ratios. 


Impedance ratios of this transformer are not limited to 
integers as 1:1, 4:1 — N:L, and the dc isolatedprimary 
and secondary have an advantage in certain circuit config 
urations. This design -will find its applications in high 
volume production or where the small physical size is of 
main concern. Table.1 shows the winding configuration 
andmeasured data of the transformer shown,in Figure 3. 


TABLE 1 — Impedance ot Terminals BB' 


Transformer Terminated as Shown 


A 
680 
. J 
s.m< 
PF_ 
180 pF 


A 
I 
r 
y 
" 


1 
s 


B' 


3 Turns 
10 Turns 


f (MHz) 
Rp (Ohms) 
Xp (Ohms) 


1.0 
50.7 
-H 81 


2.0 
53.0 
+i 185 


4.0 
53.1 
+i 1518 


8.0 
53.5 
-j 214 


16.0 
50.5 
•J79 


32.0 
52.9 
•J30 


In the transformer shown in Figure IF and Table 2, a 
regular antenna balun core is employed (Indiana General 
F684-1 or equivalent). Lines A and B each consist of two 
twisted 
pairs of AWG #30 enameled wire. The line 
impedances are measured as 32 Ohms, which is suffi 
ciently close to the optimum 25 Ohms calculated for 4:1 
impedance ratio. (Z0 =V Rjn Rl)- 
Windings a and b are wound one on top of the other, 
around the center section of the balun core. Line c should 
haveanoptimum Z0 of 50 Ohms. It consistsof one pairof 
AWG#32 twistedenameled wirewith the Z0 measured as 
62 Ohms. The balun core has two magneticallyisolated 
toroids on which c is wound, divided equally between 
each. The inductance of c shouldapproach the combined 
inductance of Linesaandb (Reference4,6). 
The reactance in the 50Ohm port (BB') should measure 
a minimum of + j 200. To achieve this for a 4:1 trans 
former, a and b should each have three turns, and for a 
9:1 transformer, four turns. When the windings arecon 
nected as a 9:1 configuration, the optimum Z0 is 16.6 
Ohms,andalarger amountofhigh frequencycompensation 
will be necessary. Lower impedance lines can be realized 
with heavier wires or by twisting more than two pairs to 
gether, (e.g., four pairs of AWG #36 enameled wire 
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would result in the Zq of approximately 18 Ohms.)De 
tailed information on the manufacture of twisted wire 
transmission lines can be found in References 2,4, and 8. 


TABLE 2 — Impedance at Terminals BB' 
Transformer Terminated as Shown 


f (MHz) 


1.0 


2.0 


4.0 


8.0 


16.0 


32.0 


a,4 Turns 


Rp(Ohms) 


53.0 


52.6 


52.9 


53.1 


53.2 


53.5 


c, 14.6 Turns 


Balun 
B' 


Xp(Ohms) 


+J185 


+J330 


+J430 


+J600 


+J750 


+J3060 


Figure 1A showsone of the most practical designs for 
higherimpedance ratios(16 and up). The low impedance 
windingalways consistsof one turn,whichlimits the avail 
ableratiosto integers1,4,9 — N. Datataken of this type 
of a 16:1 transformer is shown in Table 3, while Figure 4 
illustratesthe physical construction.Two tubes, 1.4" long 
and 1/4" in diameter- copperor brass- form the primary 
winding.The tubes areelectrically shortedon one end by a 
pieceof copper-clad laminate with holes forthe tubesand 
the tube ends are soldered to the copper foil. The hole 
spacing should be larger than the outsidediameter of the 


ferrite sleeves. 


TABLE 3 — Impedance st Terminals BB' 
Transformer Terminated as Shown 


f (MHz) 


1.0 


2.0 


4.0 


8.0 


16.0 


32.0 


1 Turn 
4 Turns 


I 
820 pF 
I 
| 


Rp (Ohms) 


54.0 


54.0 


54.0 


53.9 


53.1 


53.2 


68 pF 


XD (Ohms) 


4)1030 


+13090 


+15800 


-1300 


-J760 


-J600 


2&m 


Forrite Sleeves. 
Stackpole 57-0472-24A, 
or Equivalent. 


Multi-Turn Winding 
Threaded 
Through Tubings 


Shortod Tube Ends 


FIGURE 4 - Physical Construction of a 16:1 Transformer 
(Actual Number of Turns Not Shown) 


A similar piece of laminate is soldered to the opposite 
ends of the tubes, and the copper foil is divided into two 
sections, thus isolatingthe ends wherethe primary connec 
tions are made. The secondary winding is formed by 
threading wirewith good RF insulatingpropertiesthrough 
the tubes for the required number of turns. 
Although the measurements indicate negligible differ 
ences in performance for various wire sizes and types 
(strandedor solid),the largest possible diameter should be 
chosen for lower resistivelosses.The initial permeability of. 
the ferrite sleeves is determined by the minimum induct 
ancerequired forthelowest frequency of operationaccord 
ing to the previous formula. Typical /ir's can vary from 
800 to 3000 depending upon the cross sectionalarea and 
lowest operating frequency. Instead of the ferrite sleeves, 
a number of toroids which may be more readily available, 


can be stacked. 
The couplingcoefficient between the primaryand sec 
ondary is almost a logarithmic function of the tube dia 
meter and length. This factor becomes more important 
with very high impedance ratios such as 36:1 and up, 
where highercouplingcoefficients arerequired.The losses 
in the ferritearedetermined by the frequency, permeability 
and flux density. The approximate power handling cap 
ability can be calculatedas in Reference 4 and 6, but the 
ferrite loss factor should be taken into consideration. The 
jur in allmagnetic materials isinversely proportional to the 
frequency, although very fewmanufacturers give this data. 
Two other variations of this transformer are shown in 
Figure 5. The smallerversionis suitableforinput matching, 
and can handle powerlevels to 20 W. It employs a stack- 
pole dual balun ferrite core57-1845-24B. The low imped 
ance winding is made of 1/8" copper braid. The portions 
of braid going through the ferrite are rounded, andopen 
ings are made in the ends with a pointed tool. The high 
impedance winding is threaded through the rounded 
portions of thebraid, which was uncovered in each endof 
the ferrite core.(See Figures 4 and 5.) 
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FIGURE 5 —Variations of Transformers in Figure 1A 


The construction technique of the largerversion trans 
former is similar, except two separate ferrite sleeves are 
employed. They can be cemented together for easier 
handling. This transformer is intended foroutput applica 
tions, with a power handling capability of 200-250 W 
employing Stackpole 
57-0472-27A 
ferrites. 
For more 
detail, see Reference 7. 
Thetransformer shown in Figure 1Bissuperiorinband 
width and power handling capability. Table 4 showsdata 
taken on a 4:1 transformer of this type. The transmission 
lines (a and b) 
are made of 25-Ohm miniature co-axial 
cable,Microdot 260-4118-000or equivalent. Two 50 Ohm 
cablescan also be connected in parallel. 
The balun, normally required to provide the balanced 
to unbalanced function is not necessary when the two 
transmission lines are wound on separate magnetic cores, 
and the physical lengthof the linesissufficientlo provide 
the necessary isolation between AA' and BB'.The minimum 
linelengthrequiredal 2.0 MHz employingIndianaGeneral 
F627-19-QI or equivalent ferrite toroids is4.2 inches,and 
the maximum permissible length at 30 MHz would be 
approximately 20 inches, according to formulas 9 and 10 
presented in Reference 2. The 4.2 inches would amount 
to four turns on the toroid, and measures 1.0 /ill. This 
complies with the results obtained with the formula given 
earlier for minimum inductance calculations. 
Increasing the minimum required linelength by a factor 
of 4 will provide the isolation, and the totallength isstill 
within the calculated limits. The power loss in this PTFIi 
insulated co-axial cable is 0.03 dB/fl at 30 MHz in contrast 
to 0.12 dB/ft for a twisted wire line. The total line loss in 
the transformer will be about 0.1 dB 
The number of turns on the toroids has been increased 
beyond (he point where the flux density of the magnetic 
core is the power limiting factor. The combined line and 
core losses limit the power handling capability to approxi 
mately 300 W, which canbeslightly increased byemploy 
ing lower loss magnetic material. 


Toroids-lndiana 
oneral F627-19 Q1, 
Equivalent 


Cable - 
2512. 
Microdot 260-411 8-000, 
or Equivalent. (16 Turns 
on Each Toroid.) 


FIGURE G —Transformer Construction (Figure IB) 


Notethe connectionarrangement (Figure6), where the 
braid of the cable forms the high current path of the 
primary. 


TABLE 4 - 
Impedance at Torminals BB' 
Transformer Terminated as Shown 


f (MHz) 


1.0 


2.0 


4.0 


8.0 


16.0 


32.0 


-^K^KJ 


Rn (Ohms) 


48.3 


48.1 


48.0 


48.0 


48.1 


48.1 


T 


(Ohms) 


+J460 


+i 680 
+J920 


+j 1300 


+j 900 


tj 690 


HIGH-FREQUENCY POWER COMBINING 
TECHNIQUES EMPLOYING HYBRID COUPLERS 
The zero degree hybrids described here are intended for 
adding the powers of a multipleof solid-state amplifiers, or 
to combine the outputs of groupsof amplifiers, usually re 
ferred to as modules. With this technique, powers to the 
kW level at the high-frequency bands can be realized. 
When reversed, the hybrids can be used for splitting 
signals into two or moreequalphaseand amplitudeports. 
In addition, they provide the necessary isolation between 
the sources. The purpose of the isolation is to keep the 
system operative, even at a reduced power level during a 
possible failure in one amplifier or module. The isolation 
is especially important in output combining of linear 
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amplifiers, whereaconstant loadimpedancemust be main 
tained. Sometimes the inputs can be simply paralleled, and 
a partial systemfailure wouldnot havecatastrophic effects, 
but will merely result in increasedinput VSWR. 
For very high frequencies and narrow bandwidths, the 
hybrid couplers may consist of only lengths of transmis 
sionline,such asco-axial cable.The physical lengthsof the 
lines should be negligible compared to the highestoperat 
ingfrequency to minimizethe resistive losses, andto avoid 
possible resonances. To increase the bandwidth and im 
provetheisolation characteristics of the line,it is necessary 
to increase the impedance for non-transmission line cur 
rents (parallel currents) without effecting its physical 
length.This canbe doneby loading the linewith magnetic 
material. Ideally, this material should have a linear BH 
curve, high permeability andlow losses overa wide freq 
uencyrange. For high-frequency applications, some ferrites 
offer satisfactory characteristics, making bandwidths of 
four or more octaves possible. 
Depending upon the balance and phase differences be 
tween the sources,the currents should be mostly cancelled 
in the balun lines. In abalanced condition, very little power 
is dissipated in the ferrite cores, andmost occurring losses 
will be resistive. Thus, a straight pieceof transmission line 
loaded with a high permeability ferrite sleeve, will give 
better results than a multiturn toroid arrangement with 
its inherent higher distributed winding capacitance. 
It iscustomary to design the individual amplifiers for50 
Ohm input and output impedances for testing purposes 
and standardization. 50-and 25-Ohm co-axial cable can 
then be employed for thetransmission lines. Twisted wire 
lines should not be used at power levelshigher than 100 
Wattsaverage, dueto theirhigher dielectric losses. 
Variations of the basichybrid are shown in Figure 7A 
and B where both are suitable for power dividing or 
combining. 


The balancing resistors are necessary to maintainalow 
VSWR in case one of the 50-Ohm points reachesa high 
impedance as a result of a transistor failure. As an input 
power splitter, neither 50-Ohm portwill ever besubjected 
to a short due to the basecompensationnetworks,should 
a base-emitter junctionshortoccur.An openjunctionwill 
result in half of the input power being dissipated by the 
balancing resistor, the otherhalfstillbeingdelivered to the 
amplifier in operation. The operation is reversed whenthe 
hybridis usedasan output combiner. A transistor failure 
will practically always cause an increase in the amplifier 
output impedance. Compared to the 50-Ohm load imped 
anceit can be regarded asan open circuit.When only one 
amplifier is operative, half of itsoutput power willbedis 
sipated by R, the otherhalf being delivered to the load. 
The remaining active source will stillsee the correct load 
impedance, which is a basic requirement in combining 
linear amplifiers. The resistors (R) should be of nonin- 
ductive type, andrated for 25% of the totalpower, unless 
some type of automatic shutoff system is incorporated. 
The degree of isolation obtainable depends uponthe fre 
quency, and the overall design of the hybrid. Typical 


FIGURE 7A 


1 


FIGURE 7 
- 
Variations of Basic Hybrid 


figures for 2 to 30 MHz operation are 30-40 dB. Fig 
ures 8A and B show 4 port "totem pole" structures de 
rived from Figures 7A and7B. Both can be used with even 
number of sources only, e.g. 4, 8,16, etc. For type 8B, it 
ismorepractical to employ toroidalmulti-turn lines,rather 
than the straight line alternatives, discussed earlier. The 
power output with various numbers of inoperative sources 
can be calculated as follows, if the phase differences are 
negligible: (Reference 2) 


tout 09 
Ni 


where: 
P 
=Total power of operative sources 


N 
= Total number of sources 
Ni = Number of operative sources 


Assumingthe mostcommon situationwhereone out of 
four amplifiers will fail, 75% of the totalpower of there 
maining active sources will be delivered to the load. 
Another type of multiport hybrid derived from Figure 
7A is shown in Figure 9. It has the advantageof being cap 
ableof interfacingwith anodd numberof sourcesor loads. 
In fact, this hybrid can be designed for any number of 
ports. The optimumvalues of the balancing resistors will 
vary according to this and also with the numberof ports 
assumed to be disabled at one time. Two other power 
combiningarrangements are shown in Figures 10 and 11. 
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FIGURE 8B 


r~c 


FIGURE 8 - 
Four Port "Totem Pole" Structure 


Z0 (a.b.c) = 50 n 
Z. (d. e) 
- 25 n 
(optimum 28.9 n) 


§M> 
3^2 


FIGURE 9 — Three-Port Hybrid Arrangement 
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%ry^ 


Tt Tl -2:1 
T2»1:2 
-ST 


Z0 (a.b) - SO n 
Z0 (c.d) - 25 n (optimum 35.4 tl) 


Son Input 


© 


1 PORT INOPERATIVE. 


Optimum R - 28.3 Ohms 


P 
» 
(PT+P2+P3)-(PH + P 3 > 


PI, P2, P3- Powerat any oporativo port. PR• Powerdissipated in R.excluding RL. 
V - RMS voltage at any 50 Ohm point. 
(Tho phase differences aro assumed negligible.) 


Z0 (a.b.c.dl - 50 n 
Z„ (e,f) - 25 n (optimum) 


FIGURE 10 - Two-Port Hybrid System 


© 
* 


2 PORTS INOPERATIVE. 


Optimum R » 25 Ohms 


(PJ1U+P2)-(PR+pS) 


FIGURE 11 — Four-Port Hybrid System 
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The isolation characteristics of the four-port output com 
biner were measured, the data being shown in Table 5. 
The ferrite sleeves are Stackpolc 57-0572-27A, and the 
transmission lines are made of RG-142/U co-axial cable. 
The input power dividers described here, employ Stack- 
pole 57-1511-2413 ferrites, and the co-axial cable is Micro 
dot 250-4012-0000. 


TABLE 5 - 
Isolation 
Characteristics of Four Port Output Combiner 


Isolation, 
Port-to-Port 
1 (MHz) 
(dB) 


2.0 
27.0-29.4 


4.0 
34.8-38.2 


7.5 
39.0-41.2 


15 
32.1-33.5 


20 
31.2-33.0 


30 
31.0-33.4 


The input and output matching transformers (Tl —T2) 
willbesomewhatdifficult toimplement for suchimpedance 
ratios as 2:1 and 3:1. One solution is a multi-turn toroid 
wound with co-axial cable, such as Microdot 260-4118-000. 
A tap can be made to the braid at any point, but since this 
is 25-Ohm cable, the Z0 is optimum for a 4:1 impedance 
ratio only. Lower impedance ratios will normally require 
increased values for the leakage inductance compensation 
capacitances (CI - C2). For power levels above 500-600 
\V, larger diameter co-axial cable is desirable, and it may be 
necessary to parallel tsvo higher impedance cables. The 
required cross sectional area of the toroid can be calculated 
according to the Bmax formulas presented in References 


4 and 6. 
The 2 to 30 MHzlinear amplifier (shown in Figure 13) 


FIGURE 12 - 
Two-Four Port Hybrids 


Tho onoat tho lower left is intended for power divider applications 
with levels to 20 —30 W. The larger one was designed for amplifier 
output power combining, and can handle levols to 1 — 1.5 kW. (Tho 
balancing resistors are not shown with this unit.) 


consists of two 300 W modules(8). This combined ampli 
fier can deliver 600 W peak envelope power. The CW 
power output is limited to approximately 400 W by the 
heatsink and (he output transformer design. 
The power combiner(Figure 13A)and the 2:1 step-up 
transformer (Figure 1313) can be seen in the upper right 
corner. The input splitter is located behind the bracket 
(Figure 13C). The electrical configuration of the hybrids 
is shown in Figures 7A and 10.Note the loops equalizing 
the lengths of the co-axial cables in the input and output 
to assure a minimum phase difference between the two 
modules. 


FIGURE 13 - 2 to 30 MHz Linear Amplifier Layout 
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A TWO-STAGE 1 kW SOLID-STATE LINEAR AMPLIFIER 


Prepared by 
Hefge O. Granberg 
RF Circuits Engineering 


INTRODUCTION 
This application note discusses the design of SO Wand 
300 Wlinearamplifiers for the 1.6 to 30 MHzfrequency 
band. Both amplifiers employ push-pull design for low, 
even harmonic distortion. This harmonic distortion and 
the 50 Vdc supply voltage make the output impedance 
matching easier for 50-Ohminterface, and permits the use 
of efficient 1:1 and 4:1 broadband transformers. 
Modern design includes integrated circuit bias regu 
lators and the use of ceramicchip capacitorsthroughout 
the RF section,makingthe units easilymassproducible. 
Also, four 300 W modules are combined to provide a 
1 to 1.2 kW PEP or CW output capability. The driver 
amplifier increases the total power gain of the system to 
approximately 34 dB. 
Although the 
transistors employed (MRF427 and 
MRF428) are 100% tested against 30:1 load mismatches, 
in caseof a slight unbalance, the total dissipation ratings 
may be well exceeded in a multi-device design. Withhigh 
drive power available,and the power supply current limit 
set at much higher levels, it is always possible to have a 
failure in one of the push-pullmodules under certain load 
mismatch conditions. It is recommended that some type 
of VSWR based protective circuitry be adapted in the 
equipmentdesign, and separate dc regulators with appro 
priate current limits provided for each module. 
The MRF428 is a single chip transistor with the die 
size of 0.140 x 0.248", and rated for a power output of 
150 W PEP or CW.The singlechip designeliminatesthe 
problem of selecting two matcheddie for balanced power 
distribution and dissipation. The high total power dissi 
pation rating (320W) hasbeenachieved by decreasing the 
thermal resistance between the die and the mount by 
reducing the thickness of the BeO insulator to 0.04" 
from the standard 0.062", resulting in Rfljc as low 
as0.5°C/W. 
The MRF427 is also a single chip device. Its die sizeis 
0.118 x 0.066", and is rated at 25 W PEP or CW. This 
being a high voltage unit, the package is larger than 
normally seenwith a transistor of thispowerlevel to pre 
vent arcing between the package terminals. 
The MRF427 and MRF428 are both emitter-ballasted, 
which insures an even current sharing between each cell, 
and thus improving the device ruggedness against load 
mismatches. 
The recommended collector idling currents are 40 mA 
and 150 mA respectively. Both devices can be operated in 
Class A, although not specified in the data sheet, pro 
vidingthe power dissipation ratings are not exceeded. 


GENERAL DESIGN CONSIDERATIONS 
Similar circuit board layouts are employed for the four 
300 W building block modules and the preamplifier. A 
compact design is achieved by using ceramic chip capaci 
tors, of which most can be located on the lower side of 
the board. The lead lengths are also minimized resulting 
in smaller parasitic inductances and smaller variations 
from unit-to-unit. 
Loops are provided in the collector current paths to 
allow monitoring of the individual collector currents with 
a clip-on current meter, such as the HP-428B. This is the 
easiest way to check the device balance in a push-pull 
circuit, and the balance between each module in a system 
such as this. 
The power gain of each module should be within not 
more than 0.25 dB from each other, with a provision 
made for an input Pi attenuator to accommodate device 
pairs with larger gain spreads. The attenuators are not 
used in this device however, due to selection of eight 
closely matched devices. 
In 
regards to 
the performance specifications, the 
followingdesigngoals were set: 


Devices: 8 x MRF428 + 2 x MRF427A 
Supply Voltage: 40-50 V 


7?.Worst Case: 45% on CW and 35% under two-tone 
conditions 
IMD. d3: -30 dB Maximum (1 kW PEP, 50 V and 
800 WPEP, 40 V) 


Power Gain. Total: 30 dB Minimum 


Gain Variation: 2.0-30 MHz: ±1.5 dB Maximum 
Input VSWR: 2.0:1 Maximum 
ContinuousCW Operation.1 kW: 50%DutyCycle, 
30-minuteperiods,with heatsink temperature 
<75°C. 
LoadMismatchSusceptibility: 10:1, any phase angle 


Determining the figures above is based on previous per 
formance data obtained in test circuits and broadband 
amplifiers. Some margin was left for losses and phase 
errors occurring in the power splitter and combiner. 


THE BIAS VOLTAGE SOURCE 
Figure 1 shows the bias voltagesource employed with 
each of the 300 Wmodulesand the preamplifier. Its basic 
components are the integrated circuit voltage regulator 
MC1723C, the current boost transistor Q3 and the tem 
perature sensing diode D1. 
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Ports List: 


R5 
- 
I.OOhm/H W 
R6 
- 
1 ktl/H W 
R7 
- 
100 Ohm/5 W 
R8 
- 
18 ktl/y, W 
R9 
- 
8.2 kfl/K W 
R10 — 1 kfi trimpot 
R11 
R12 - 
1 ktl/Vi W 
C11 - 
1000uF/3V Eloctrolvtlc 
CI 2 — 1000 pF Ceramic 
Dl 
— See text 
02 
- 
1N5361 - 
1N5366 
Q3 
- 
2N5991 


*• Bias Out 
+0.6-1.0 V 


FIGURE 1 - 
Bias Voltage Source 


Althoughthe MC1723C isspecified foraminimumVo 
of2Volts, it can be used at lower levels with relaxed speci 
fications, which are sufficient for this application. Advan 
tagesof this type bias source are: 


1. Line voltage regulation, which is important if the 
amplifier is to be operated from various supply 
voltages. 
2. Adjustable current limit. 
3. Very low stand-by current drain. 


Figure 1 is modified from the circuit shown on the 
MCI723 data sheet by adding the temperature sensing 
diode Dl and the voltage adjust element RIO. D2 and 
R12 reduce the supply voltage to a level below 40 V, 
which is the maximum input voltageof the regulator. 
Dl is the base-emitter junction of a 2N5190, in a 
Case 77 plastic package. The outline dimensions allow its 
use for one of the circuit board stand-offs, attaching it 
automatically to the heatsink for temperature tracking. 
The temperature compensation has a slight negative 
coefficient. When the collector idling current is adjusted 
to 300 mA at 25°C, it will be reduced to 240 - 260 mA 
at a60°Cheatsink temperature. (-1.15 to -1.7 mA/C°.) 
The current limiting resistor R5 sets the limiting to 
approximately 0.65 A, which is sufficient for devices 
Ir 
with a minimum hFE of 17.0B =T=r) when *« maxi" 


mum average Ir. is 10.9 A. (2 MHz, 50 V, 250 CW.) 
Typically, theMRF428 hFE'sare in me 30's- 
The measured output voltage variations of the bias 


source (0 - 600 mA) are ±5 to 7 mV, which amounts to 
asourceimpedanceof approximately20 milliohms. 


THE 300 W AMPLIFIER MODULE 


Input Matching 
Due to the large emitter periphery of the MRF428, 
the series base impedance is as low as0.88, -J.80 Ohm at 
30 MHz. In a push-pull circuit a 16:1 input transformer 
would provide the best impedance match from a 50-Ohm 
source. This would however, result in a high VSWR at 
2 MHz, and would make it difficult to implement the 
gain correction network design. For this reason a 9:1 
transformer, which is more ideal at the lower frequencies, 
was chosen. This 
represents a 5.55 Ohm base-to-base 
soure impedance. 
In a Class C push-pull circuit, where the conduction 
angle is lessthan 180°, the base-to-base impedance would 
be about four times the base-to-emitter impedance of one 
device. In Class A where the collector idling current is 
approximately half the peak collector current, the con 
duction angle is 360°, and the base-to-base impedance is 
twice the input impedance of one transistor. When the 
forward base bias is applied, the conduction angle in 
creasesand the base-to-base impedance decreases rapidly, 
approachingthat ofClassA in ClassAB. 
A center tap, common in push-pull circuits, is not 
necessary in the input transformersecondary,if the tran 
sistors are balanced. (Cjb, hFE. vBEf•) The base current 
return path is through the forward biased base-emitter 
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FIGURE 2 — Equivalent Base Input Circuit 


junction of the off transistor. This junction acts as a 
clamping diode, and the power gain is somewhat depen 
dent upon the amount of the bias current. The equiva 
lent input circuit (Figure 2) represents one half of the 
push-pullcircuit, and for calculations Rs equals the total 
source impedance (Rs') divided by two. 
Since a junction transistor is a current amplifier, it 
should ideally be driven from a current source. In RF 
applications this would result in excessive loss of power 
gain. However, input networks can be designed with 
frequency 
slopes having some of the 
current source 
characteristics at low frequencies, where excess gain 


is available. 
The complex base input characteristics of a transistor 
would place requirements for a very sophisticated input 
compensation network for optimum overall performance. 
The design goal here was to maintain an input VSWR of 
2:1 or less and a maximum gain variation of ±1.5 dB 
from 2 to 30 MHz. Initial calculations indicated that these 
requirements can be met with a simple RC network in 
conjunction 
with 
negative 
collector-to-base 
feedback. 
Figure 2 shows this network for one device. Ll and L2 
represent lead lengths, and their values are fixed. The 
feedback is provided through R2 and L2. Because the 
calculations were done without the feedback, this branch 
is grounded to simulate the operating conditions. 
The average power gain variation of the MRF428 from 
2 to 30 MHzis 13 dB. Dueto phaseerrors,a large amount 
of negative feedback in an RF amplifier decreases the 
linearity, or may result in instabilities. Experience has 
shown that approximately 5 - 6 dB of feedback can be 
tolerated without noticeable effects in linearity or sta 
bility, depending upon circuit layout. If the amount of 
feedback is 5 dB, 8 dB will have to be absorbed by the 
input network at 2 MHz. 
Omitting the reactivecomponents, Ll, L2, C1, and the 
phase angle of Xi whichhave anegligible effect at 2 MHz, 


a simple L-pad was calculated with Rs = 2.77 SI,and Rl 
=V4.652+ 1.252 =4.81 SI. 
From the device data sheet we find the Gp£ at 2 MHz 
is about 28 dB, indicating0.24 W at Rl will produce an 
output power of 150 W, and the required power at Rs = 
0.24 W+8 dB= 1.51 W. 
Figuring out currents and voltages in various branches, 
results in: Rl = 1.67 SI and R2 = 1.44 SI. 
The calculated values of Rl and R2 along with other 
known valuesandthe device input data at four frequencies 
were used to simulatethe network in a computer program. 
An estimated arbitrary value of 4000 pF for CI was 
chosen, and VCS2 represents the negative feedback volt 
age (Figure 2.) The optimization wasdone in two separate 
programs for Rl, R2, CI and VCS2 and in several steps. 
The goals were: a) VCS and R2 for a transducer loss of 
13 dB at 2 MHz and minimum loss at 30 MHz. b) Rl and 
CI for input VSWRof <I.1:1 and<2:l respectively.The 
optimized values were obtained as: 


Cl = 5850pF 
R2 = 1.3J2 


R1 = 2.1J2 
VCS2=I.5V 


The minimum obtainable transducer loss at 30 MHz was 
2.3 dB, which is partly caused by the highest reflected 
power at this frequency, and can be reduced by "over 
compensation" of the input transformer. This indicates 
that at the higher frequencies, the source impedance 
(Rs) is effectively decreased, which leaves the input 
VSWR highest at 15 MHz. 
In the practical circuit the value of C1 (and C2) was 
rounded to the nearest standard, or 5600 pF. For each 
half cycle of operation R2 and R4 are in series and the 


1.3 SI 
value of each should be-2 
forVCS2 = 1.5V. Since 
the voltage across acand bd =Vce, aturns rati°of 32:1 
would be required. It appears that if the feedbackvoltage 
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T* 
IC 


Tl 
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C2 


To Bias 
Sourco 


on the bases remains unchanged, the ratio of the voltage 
across L5 (VCS2) and R2R4 can be varied with only a 
smalleffect to the overall input VSWR. To minimize the 
resistive losses in the bifilar winding of T2 (Figure 3), 
the highest practical turnsratio should not bemuchhigher 
thanrequired for the minimum inductance, which is 


4R 
50 


2irf 
12.5 


R =Collector-to-Collector Impedance = 12.5 SI 


f=2MHz 
ac or bd will then be 1.0 uH, which amounts to 5 turns. 
(See details on T2.) 25% overthis represents a 7:1 ratio 
setting VCS2 to 6.9 V. 
In addition to providing a source for the negative 
feedback, T2 supplies the dc voltage to the collectors 
as well as functions as a center tap for the output 


transformer T3. 
The currents for each half cycle are in opposite phase 
in ac and bd, and depending on the coupling factor 
between the windings, the even harmonic components 
will see a much lower impedance than the fundamental. 
The optimumline impedance for ac,bd would equal one 
half the collector-to-collectorimpedance, but experiments 
have shown that increasing this number by a factor of 
2-3 affects the 2nd and 4th harmonicamplitudesby only 


1 to 2 dB. 
Since the minimum gain loss obtainable at 30 MHz 
with network as in Figure 2, and the modified VCS2 


4.0 pH. 


I 


source was about 3.8 dB at 30 MHz, C5 was added with 
the following in mind:C5andL5 forma parallel resonant 
circuit with a Q of approximately 1.5. Its purpose is to 
increase the shunting impedance acrossthe bases, and to 
disturb the 180° phase difference between the input 
signal and the feedback voltage at the higher frequencies. 
This reduces the gain loss of 3.8 dB, of which 1.4 dB is 
caused by the feedback at 30 MHz.The amount depends 
upon the resonant frequency of C5 L5, which should be 
above the highest operating frequency, to avoid possi 
ble instabilities. 
When L5 is 45 
nH, and the resonance is calculated 
for 35 MHz, the value of C5 becomes 460 pF, which can 
be rounded to the closest standard, or 470 pF. The phase 
shift at 30 MHz is: 


Tan-I 
2nfL 
•("£) 


Tan-1 


Tan-1 


I—) 


["6.28x30x0.045 
6.8 (i-J9L) 
\ 
1225/ 


= 78.0° 


Theunpedanceis:-C^=c^s%r= 32.712 


At 2 MHzthe numbersarerespectively4.76° and 6.83 SI. 


The 1.4 dB feedback means that the feedback voltage 
is 16% of the input voltage at the bases. By the aid of 
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vectors, we can calculate that the 78° phaseshift and the 
increased impedance reduces this to 4%, which amounts 
to 035 
dB. These 
numbers were verified in 
another 
computer program with VCS2 = 6.9 V, and including C5. 
New values for Rl and R2 were obtained as 1.95 SI and 
6.8 SIrespectively, and other data as shown in Table 1. 


The VSWR was calculated as 


Zl 
• Z2 
ZT + Z2 
where: 


Zl = Impedance at transformer secondary. 


TABLE1: 


Frequency 
Input 
Input Impedance 
Input Impedance 
Attenuation 
MHz 
VSWR 
Real 
Reactive 
dB 


2.0 
1.07 
2.79 
-0.201 
13.00 
4.0 
1.16 
2.66 
-0.393 
12.07 
7.5 
1.33 
2.35 
-0.615 
10.42 
15 
1.68 
1.77 
-0.611 
7.40 
20 
1.82 
1.57 
-0.431 
5.90 
30 
1.74 
1.62 
-0.21 
2.70 


Although omitted from the preliminary calculations, the 
2 x 5 nH inductances, comprising of lead length, were 
included in this program. 
The input transformer is a 9:1 type, and uses a tele 
vision antenna balun type 
ferrite core, made of high 
permeability 
material. 
The 
low impedance 
winding 
consists of one turn of 1/8" copper braid. The sections 
going through the openings in the ferrite core are rounded 
to resemble two pieces of tubing electrically. The primary 
consists of AWG #22 TFE insulated wire, 
threaded 
through the rounded sections of braid, placing the primary 
and secondary leads in opposite ends of the core.' '' '* 
The saturation flux density is about 60 gausswhich is well 
below the limits for this core. For calculation procedures, 
see discussion about the output transformer. 
This type physical arrangement provides a tight cou 
pling, reducing the amount of leakage flux at high fre 
quencies. The 
wire 
gauge, insulation 
thickness, 
and 
number of strands have a minimal effect in the perform 
ance except at very high impedance ratios, such as 25:1 
and up. The transformer configuration is shown in Fig 
ure 4. By using a vector impedance meter, the values 
for C3 and C4 were measured to give a reasonable input 
match at 30 MHz, (Z,n = 1.62 - j 0.21 x 2 = 3.24 - 
j 0.42) with the smallestpossible phaseangle. 


Z2 = Input impedance of compensation network x 2 
(RS in Figures 2 and 3) as in computer data presented 
ahead. 


The effect of the lower VSWR to the power loss in the 
input network can be calculated as follows: 


10 Log Hf^-)2) 


which at 30 MHz = 10 Log 


where: 
51 =VSWR1 (Lower) 
52 =VSWR 2 (Higher) 


10 Log 
/ 0.997 \ 
\ 0.927/ 
' 0.32 dB, 2.7 -0.32 = 2.38 dB 


These figures for other frequencies are presented with the 
data below. Later, some practical experiments were done 
with moving the resonance of C5 L5 lower, to find out if 
instabilities would occur in a practical circuit. When the 
resonance was equal to the test frequency, slight break 
up was noticed in the peaks of a two-tone pattern. It was 
then decided to adjust the resonance to 31 MHz, where 
C5 = 560 pF, and the phase angle at 30 MHz increases to 
87°. The transducer lossis furtherreduced by about0.2 dB. 
Several types of output transformer configurations 
were considered. The 
12.5 £2 collector-to-collector im- 


son? 
56 pF; 
470 pF; 
; C4 
Socondory 


O 


FIGURE 4 — Transformer Configuration 


When 
the high impedance side was terminated into 
50 
SI, the 
following readings were obtained at the 
secondary: 


Frequency 
Rs 
*s 
VSWR 
Attenuation 
MHz 
Ohms 
Ohms 
dB 


2.0 
5.59 
+0.095 
1.05 
12.99 
4.0 
5.55 
+0.057 
1.15 
12.06 
7.5 
5.50 
+0.046 
1.32 
10.40 
15 
4.90 
+0.25 
1.48 
7.28 
20 
4.32 
+0.55 
1.38 
5.63 
30 
3.43 
+0.73 
1.11 
2.38 


(Abovo readings with transformer 
and compensation network.) 
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FIGURE 5 - 
Bottom and Top of the 300 W Module Circuit Board 


pcdance estimated earlier, would require a 4:1 
trans 
former for a 50 SI output. The type used here as the input 
transformer exhibits 
good 
broad 
band characteristics 
with a convenient physical design. However, according 
to 
the 
low 
frequency 
minimum 
inductance 
formula 
presented earlier in connection with T2. the initial per 
meability required would be nearly 3000, with the largest 
standard core size available. High permeability ferrites are 
almost exclusively of Nickel-Manganese composition, and 
are lossy at radio frequencies. Although their Curie points 
are higher than those of lower permeability Nickel-Zinc 
ferrites. 
the 
core 
losses 
would 
degrade 
the amplifier 
performance. With the core losses being a function of the 
power level, these rules can sometimes be disregarded in 
low power applications. 
A coaxial cable version was adapted for this design, 
since the transmission line type transformers are theoret 
ically ideal for RF applications, especially in the 1:4 
impedance ratio. A balanced to unbalanced function 
would normally require three separate transmission lines 
including a balun (5) (6), |i appears that the third line 
can be omitted, if lines a and b (Figure 3) are wound on 
separate magnetic cores, and the physical length of the 
lines 
is sufficient 
to 
provide the necessary isolation 
between the collectors and the load. In 
accordance to 
formulas in (7), the minimum line length required at 
2 MHz, employing Stackpole 57-9074 or equivalent 
ferrite toroids is 4.2", and the maximum permissible 
line length at 30 MHz would be approximately 20". 
The 4.2" amounts to four turns on the toroid, and meas 
ures 1.0 ^H. which in series with the second line is suffi 
cient for 2 MHz. Increasing the minimum required line 


length by a factor of 4 is still within the calculated limits, 
and 
in practical measurements the isolation has been 
found to be over 30 dB across the band. The main advan 
tage with this arrangement is a simplified electrical and 
physical lay-out. 


The maximum flux density of the toroids is approxi 
mately 200 gauss (3), and the number of turnshas been 
increased beyond the point where the flux density of the 
magnetic core is the power limiting factor. 
The 1:4 output transformer is not the optimum in 
this case, but it is the closest practical at these power 
levels. The optimum power output at 50 V supply voltage 


and 50 SI load is: 
Vrms =4 x (VCC-VCF(sat) x 0.707)= 135.75 V.when 
Vcii(sat) =2V 


. 
135.75 
50 
= 2.715 A. Pom = 2.715 x 135.75 = 368.5 W 


The optimum Vcc at Pout = 300 W would be: 


VCC • Vcii(sat) +(V Kin x2 Pout) =2 +(V 6.25x300) 


= 45.3 V 
The above indicates that the amplifier sees a lower load 
line, and the collector efficiency will be lowered by 1-2%. 
The linearity at high power levels is not affected, if the 
device 
hpr; 
is maintained 
at 
the 
increased 
collector 
currents. The linearity at low power levels may be slightly 
decreased due to the larger mismatch of the output circuit. 
The required characteristic line impedance (a and b, 
Figure 3) for a 1:4 impedance transformeris: V RjnRL = 
v/ 12.5 x 50 = 25 SI. enables the use of standard miniature 
25 SI coaxial cable (i.e., Microdot 260-4118-000) for the 
transmission lines. The losses in this particular cable at 
30 MHz are 0.03 dB/ft. With a total line length of 2 x 
16.8" (2 x 4 x 4.2"), the loss becomes 0.084 dB, or 
300^10antilo;000084dB^5-74W- 


For 
the 
ferrite 
material 
employed, 
Stackpole 
grade 
#11 (or equivalent Indiana General Ql) the manufactur 
ersdata isinsufficient for accuratecorelosscalculations(6). 
The Bh curves indicate that 100-150 gauss is well in the 
linear region. 
The toroids measure 0.87" x 0.54" x 0.25". and the 
16.8" line length figured above, totals to 16 turns if 
tightly wound, or 12-14 turns if loosely wound. The 
flux density can then be calculated as: 
_ VmnvX 102 
^max _ 


where: 


'max 


2 tt fn A 


f 
= Frequency in MHz 


n 
= 
Total number of turns. 


A = Cross sectional area of the toroid in cm*. 
V = Peak voltage across the 50 SI load, 
sk^ 50; ('0.707' 
86.5 x 102 
Bmax Ct each toroid) =62gx2x28x.25 =98-3 Bauss 
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Practical measurements showed the core losses to be 
negligible compared to 
the 
line losses at 
2 MHz and 
30 MHz. However, the losses increase as the square of 
Bmax at 1,)W frequencies. 
With the amount ofHF compensation dependent upon 
circuit layout and 
the exact transformer construction, 
no calculations were made on this aspect for the input 
(or output) transformers. C3. C4, and C6 were selected 
by 
employing 
adjustable 
capacitors 
on 
a 
prototype 
whose values were then measured. 
A photo of the circuit board is shown in Figure 5, A- 
bottom and B-top. The performance data of the 300 W 
module can be seen in Figure 6. 
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FIGURE 6 - 
IMD. Power Gain, Input VSWR and Efficiency 
versus Froquency of a 300 W Modulo 


THE DRIVER AMPLIFIER 


The driver uses a pair of MRF427 devices, and the 
same circuit board layout as the power amplifier, with 
the exception of the type of the output transformer. 
The input 
transformer is equal to what is used with 
the power amplifier, but has a 4:1 
impedance ratio. 
The required minimum inductance in the one turn second 
ary (Figures 3 and 4) being considerably higher in this case, 


4R 


2irf 
4x 12.5 


12.5 
= 4 Ad 1 


the Al product 
of 
the core 
is barely sufficient. The 
measured inductances between a number of cores range 
3.8-4.1 ,ill. 
This formula 
also applies to the output transformer, 
which is a 1:1 balun. The required minimum inductance 
at 2 MHz is 16 ^H, amounting to 11 turns on a Ferrox 
cube 
2616P-A100-4C4 pot core, which was preferred 
over a toroid because of ease of mounting and other 
physical 
features. Although twisted wire line would be 
good at 
this power 
level, the transformer was wound 
with RG-196 coaxial cable, which is also used later for 
module-driver interconnections. 
The required worst case driver output is 4 x 12 W = 
48 W. The optimum Pout with the 1:1 output trans 
former is 


^-SxVRMS=^7x67.7 =92W. 


The MRF 427 is specified for a 25 W power output. 
Having a good hpE versus Ic linearity, the 1 to 2 load 


mismatch has an effect of 2-3 dB in 
the IMD at the 10% 
power level, and the reduced efficiency 
in the driver 
is insignificant 
regarding the 
total 
supply 
current in 
the system. 
The component values for the base input network and 
the feedback were established with the aid of a computer, 
and 
information on 
the 
device data sheet, as described 
earlier with the 300 W module. The HF compensation 
was done in 
a similar manner as well. Neither amplifier 
employs LF compensation. C7 and C8 are dc blocking 
capacitors, and their value is not critical. 


In T2 (Figure 
7), b and c represent the RF center 
tap. but are separated in both designs — partly because 


of circuit 
lay-out convenience 
and partly 
for stabili 
zation purposes. 
The test data of the driver is presented later along with 
the final test results. 


FIGURE 8 - 
Driver Amplifior Board Layout 
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COMBINING FOUR 300 W POWER MODULES 


The Input Power Divider 


The purpose of the power divider is to divide the input 
power into four equal sources, providing an amount of 
isolation between each. The 
outputs are designed for 


50 SIimpedance, which sets the common input at 12.5 SI. 
This requires an additional 4:1 step down transformer to 
provide a 50 SI load for the driver amplifier. Another 
requirement is a 0° phase shift between the input and 
the 50 SI outputs, which can be accomplished with 1:1 
balun transformers. 
(a,b,c and d in Figure 10.) For fan- 
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Foedthroughs 
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A. 
FIGURE 9 - Component Layout of tho 300 W Amplifier Module 


PARTS LIST* 
(Power Modulo and Driver Amplifier) 


Power Module 
Driver Amplifier 


CI. C2 
5G00 pF 
3300 pF 


C3 
56 pF 
39 pF 
C4 
470 pF 
Not Used 
C5 
560 pF 
470 pF 


CG 
75 pF 
51 pF 
C7. C8 
O.I uF 
0.1 uF 


CO. CIO 
0.33 uF 
0.33 ;iF 
C11 
10uF/150 V 
10 uF/150 V 
Rl, R2 
2 x 3.9 ll/'/i W in parallel 
2 x 7.5 tllV, W in parallel 
R3. R4 
2 x 6.8 tl/% W in parallel 
2x18 12/1', W in parallel 
Ll, L2 
Ferroxcube VK200 19/4B 
Ferroxcube VK 200 19/4B 


ferrite choko 
ferrito choko 
L3. L4 
6 forrite beads each. 
6 ferrite beads each. 
Ferroxcube 56 590 65/3B 
Ferroxcube 56 590 65/3B 


All capacitors, except C11, are ceramlc chips. Values ovor 100 pF are 
Union Cerbido type 1225 or 1813 >r Varadyne size 18 or 14. 
Others ATC Type B. 


T1 
9:1 typo, see text. 
4:1 type, see text. 
(Ferrite cores for both: 
Stackpole 57 1845-24B or Falr-Rito Products 
287300201 or equivalent.) 


T2 
7 turns of bifilar or loosely twisted wires. (AWG P20.) 
Forrite cores for both: Stackpole E 7-9322. Indiana Gonoral 
F627-801 or equivalent. 


T3 
14 turns of Microdot 260 4118 00 
11 turns of RG-196. 50 12 mlniatu ro 
25 Jl miniature coaxial cable 
coaxial cable wound on a bobbin 
wound on each toroid. (Stack- 
of a Forroxcubo 2616P-A100-4C4 
pole 57-9074. Indiana General 
pot core. 
F624-19Q1 or equivalent) 


•Parts & kits for Ihis amplifier are available from Communicalion Concepts. 121 Brown St.. Dayton. Ohio 
45402 (513) 220-9677 
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proved low frequency isolation characteristics the line 
impedance must be increased for the parallel currents. 
This can be done, without affecting the physical length 
of the line, by loading the line 
with magnetic material. 
In this type transformer, the currents cancel, making it 
possibleto employ high permeability ferrite and a relatively 
short physical length for the transmission lines. In an 
absolutely balanced condition, no power will be dissipated 
in the magnetic cores, and the line losses are reduced. 
The minimum required inductance for each line can be 
calculated as shown for the driver amplifier output trans 
former, which gives a number of 16 uH minimum at 
2 MHz. A low inductance value degrades the isolation 
characteristics between the 50 SI output ports, to main 
tain a low VSWR in case of a change in the input 
impedance of one or more of the power modules. How 
ever, because of the base compensation networks, the 
power splitter will never be subjected to a completely 
open or shorted load. 


FIGURE 10 - 
Four Port Power Divider 


The purpose of the balancing resistors (R) is to dissi 
pate any excess power, if the VSWR increases. Their 
optimum values, which are equal, are determined by the 
number of SO SI sources assumed unbalanced at one 
time, and the resistor valuesare calculated accordingly. 
Examining the currents with one load open, it can be 
seen that the excess power is dissipated in one resistor in 
series with three parallel resistors. Their total value is 
50 - 12.5 = 37.5 SI. Similarly, if two loads are open, the 
current flows through one 
resistor in series with two 
parallel resistors, totaling 37.5 SI again. This situation is 
illustrated in Figure 11. 
Except for a two port power divider' ', the resistor 
values can be calculated for odd or even number systems 


RL-R«!)n where: 
R = (- 
n+ 1 


RL 
= Impedance of the output ports, 50 SI. 
Rjn 
= Impedance of the input port, 12.5 ft. 
n 
= Number of output ports properly terminated. 


rnrnrh 


R 
R 
R 
MUM 


X 


R- 28.13 


Ohmt 


R|„ = 12.S 


Ohms 
X 


^ 


jy 


R 
« 25 Ohmt 


X 


Rin-12.5 


Ohms 
X 


R 1 R - 18.75 


Ohms 


X 


R|n " 12.5 
Ohms 


a) 1 Load Open 
b) 
2 Loads Open 
c) 
3 Loads Open 


Although these resistor values are not critical in the 
input divider, the formula also applies to the output 
power combiner, where mismatches have a larger effect 
in the total power output and linearity. 
The practical power divider employs large ferrite beads 
(Fair-Rite Products 2673000801 or Stackpole 57-1511-24B 
or equivalent) over a 1.2 inch piece of RG-196 coaxial 
cable. The arrangement 
is shown in Figure 10. Both 
above ferrite materials have a ur of about 2500, and the 
inductance for one turn is in excess of 10 juH. 
The step-down transformer (Tl, Figure 10) is wound 
on a Stackpole 57-9322-11 toroid with 25 SI miniature 
coaxial cable. (Microdot 260-4118-000 or equivalent.) 
Seven turns will give a minimum inductance of 4/16 uH, 
required at 2 MHz. 
For the preamplifier interface, CI could be omitted 
in order to achieve the lowest input VSWR. 
The 
structure 
is mounted 
between 
two 
phenolic 
terminal strips as can be seen in the foreground of Fig 
ure 14, providing a sufficient number of tie points for 
the coaxial cable connections. 


THE OUTPUT COMBINER 
The operation of the output combiner is reversed from 
that of the input power divider. In this application we 
have four -50 SI inputs and one 12.5 SI output, which is 
transformed to 50 SIby a 1:4 impedance ratio transformer. 
An arrangement similar to the input power divider is 
employedin the combiner. The baluns consist of straight 
pieces of coaxial cable loaded by a sleeve of magnetic 
material (ferrite). The line length is determined by the 
physical dimensions of the ferrite sleeves. The pi versus 
cross sectional area should be calculated or measured to 
givesufficient loading inductance. 
Straight line baluns as these have the advantage over 
multiturn toroidal types in introducing a smaller possi 
bility for phase errors, due to the smaller length of the 
line. The largest possible phase errors occur in the input 
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and output connecting cables, whose lengths are 18" 
and 10" respectively. All four input and output cables 
must be ofequal length within approximately Vi", and the 
excess in some, causedby the asymmetrical system layout, 
can be coiled or formed into loops. 
The 
output connecting cables between the power 
amplifier outputs and 
the combiner are made of low loss 
RG-142B/U coaxial cable, that can adequately handle 
the 300 W power with the averagecurrent of 2.45 A. 
The balun transmission lines are also made of RG- 
142B/U coaxial cable, with an outer diameter of 0.20". 
The line length is not critical as it is well below the maxi 
mum length permitted for 30 MHz (7). The minimum 
inductance, as in the input divider, is 16 pH per line. 
Measurements were made between two port combiners, 
one having the line inductance of 17 uH (7 Ferroxcube 
768 series 3E2A toroids) and the other 4.2 uH (one 
Stackpole 57-0572-27A ferrite sleeve). The results are 
shown in Table 3. 


The power output with various numbers of disabled 
sources, referring to Figures 11 and 12 can be calculated 


as: 


Pn-PR3- 


where: 
n = Number of Operative Sources. 
Pn = Total Power ofOperative Sources. 
Pr = Power Dissipated in Balancing Resistors. 


For one disabled source: 


98 11 
Pr=250 (=£-)= 140.65, 


Pout=(250x3)-(140.65+1^)= 


750 - 187.5 = 562.5 W 


This is assumingthat the phaseerrorsbetween the active 
sources are negligible. Otherwise the formula in O) can 


f 
Isolation dB 
Isolation dB 
MHz 
(Line Inductance 17 uH) 
Line Inductance 4.2 uH) 


2.0 
40.2 
29.1 
4.0 
40.0 
38.3 
7.5 
39.6 
39.1 
IS 
37.5 
37.B 
20 
35.8 
36.2 
30 
33.4 
33.5 


TABLE 3: 


The main difference is at 2 MHz - 
and it was decided 
that the 29 dB of isolation is sufficient, as the high fre 
quency isolation in either case is not much better. The 
3E2A and other similar materials are rather lossy at RF, 
and with their low Curie points, would present a danger 
of overheating in case of a source unbalance. 
Figure 12 shows the electrical design of the four-port 
power combiner. 


<>tz^> 


VJh, 
^-A^^UL^ 


-m 
o 
J_ son 
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FIGURE 12 — Four Port Output Combiner 


be adapted, but if the errors between the active sources 
are unequal, the situation will get rather complex. 
From above we see that 140.65 W will be dissipated 
by one of the balancing resistors and only 15.6 W by the 
other three. For this high power dissipation the resistors 
must be the type which can be mounted to a heat sink, 
and 
noninductive. After experiments with 
the 
"non- 
inductive" wirewound resistors which exhibited excess 
inductance at 30 MHz and were bulky with 50 and 100 W 
ratings, thin film terminations were specially fabricated 
in-house 
for this application.* These 
terminations are 
deposited on a BeO wafer, which is attached to a copper 
flange. They are rated for 50 W continuous power, but can 
be operated at 100 or even 150 W for nonextended periods 
if the flange temperature is kept moderately low. The 
balancing resistors can be seen on the upper side of the 
combiner, which is shown in the foreground of Figure 15. 
The purpose of the step-up transformer T2, (Figure 12) 
is to transform the 12.5 SI impedance from the combiner 
up to 50 SI. It is a standard 1:4 unbalanced-to-unbalanced 
transmission linetype transformer, (6. 7, 8) jn which the 
line is made of two RG-188 coaxial cables connected in 
parallelin the manner as shown in Figure 13. 
Normally the lossin RG-188at30 MHzis0.08 dB/foot. 
In this connection arrangement, the currents 
in both 
directions are carried by the braid in parallel with the 


'Similar 
attenuators 
and 
terminations 
ore 
available 
from 
Solitron, 
EMC Technology, 
Inc., 
and 
other 
manufacturers 
of microwave components. 
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FIGURE 13 


inner conductor and the power loss is reduced to approxi 
mately 0.025 dB/foot. The impedance becomes 25 SI,and 
depending on how close the cables are to each other 
physically, it can be as low as 22 SI. The minimum line 
inductance can 
be calculated 
as shown before, and 
is 
16 /ill for the 50 SI side. This inductance is achieved 
by winding several 
turns of 
the 
dual cable line on a 
magnetic core. In contrast to the balun transformers in 
the combiner, the line currents do not cancel and the 
magnetic core must handle the full power, and must be 
made of lower loss material. The form of a toroid was 
figured to require the shortest line length for a specific 
inductance, and out of the standard sizes, two stacked 
units resulted in a shorter line length than a single larger 


one with similar cross sectional area. 
Six turns on two Indiana General F626-I2-Q1 toroids 
give 4.8 and 23 piI for the secondary; the line length 
being 16 inches. 
In continuous operation the core temperature was 
measured as 95-90°C. This resulted in a decisionto change 
the core material to Q2. which exhibits about 7fXc lower 
losses at 30 MHz. The permeability is also lower (35), 
and with the same number of turns givesonly 13/ill. 


The line length could not be increased according to 
(7), and the measurements indicated no difference in 
operation at 
2 MHz, so the Q2 toroids with the low 
inductance were considered permanent. 


The maximum flux density of the toroids is calculated 


as shown before: 


xl02 


2jrfr/A 
gauss, where: 


V = Peak voltage across the secondary, (50 point) 316.2 V 
f 
= Frequency in MHz (2.0) 
n = Number of turns at the 50 SIpoint. (12) 
A = Corecrosssectional area(1.21 cm2) 


316.2 x!Q2 
",ax 
6.28x2x12x1.21 = 260 gauss 


From the Bll curves we can see that the linear portion 
extends to 800-1000 gauss, and the saturation occurs at 
over 
3000 gauss. Comparable materials are Stackpole 
grade 14 and Fair-rite products 63. 
The core losses are minimal compared to the line 
losses, which for the 16" length amount to 0.035 dB or 
0.81%. 
As in the input transformer, the HF compensation (C2) 
was not required. The lay-out of the combiner and T2 is 


FIGURE 14 —1 kW Linear 
Amplifier showing the input power 
divider in the foreground, to the right is the preamplifier. Two 
of the four 300 W modules can be seen on tho upper side of 
tho structure. The other two modules are shown in Figure 15. 


FIGURE 15 - 1 kW Linear Amplifier showing the output com 
biner in tho foreground, to the right is the 1:4 stepup transformer. 
The four balancing resistors, mounted to the heat sink, can bo 
seen directly above the combining network. 


such that minimum lead lengths are obtained, and the 
structure is mounted on a PC board having feedthrough 
eyelets to a continuous ground plane on its lower side. 


MEASUREMENTS 


Six 300 W modules were built using matched pair 
production MRF428's. The maximum gain distribution 
was0.9 dB, and in the four units selected for the amplifier, 
the gain varied from 13.7 to 14.1 dB at 30 MHz, so it was 
not necessary to utilize the option of the input attenuators. 
Figure 16 shows the test set-up arrangement employed 
for testing the modules and the combined amplifier. 
The heatsink design was not optimized as it was felt to 
be outside the scope of this report; concentration was 
made in the electrical design. However, it was calculated 
to be sufficient for short period testing under two-tone or 
CW conditions al full power. The heatsink consists of 
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HP Spectrum Analyzer 


8443A Track Generator 
8552A IF Sect. 
8553A RF Sect. 
141T Display 


Tektronix 
585 
Oscilloscope 


FIGURE 16 — For two tone operation, a signal from an external audio oscillator is added to a signal from the T-4XB built-in oscillator, which 
has been adjusted to 800 Hz. 
During single tone testing, tho external oscillator (1200 Hz) is switched off. A calorimeter wattmeter in the output can be used to calibrate 
the HP-432A's at frequencies below «10 MHz, where their response roll-off begins. 


FIGURE 17 - 
VSWR and Efficiency versus Frequency 
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FIGURE 18 - 
IMD versus Power Output 
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FIGURE 19 - 
Photo of Spoctrum Analyzor Display Showing 
the IMD Products to tho 9th Order. Power Output = 1 kW at 
30 MHz (50 V). 
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FIGURE 20 - 
IMD versus Frequency 
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four 9" lengths of Thermalloy 6151 extrusion, each 
having a free air thermal resistance of 0.7°C/W. They 
are bolted in pairs to two 9" x 8&" x 3/8" copper plates, 
to which the four power modules are mounted. Assuming 
a coefficient of 0.85 between two parallel extrusions, 
a total thermal resistance of 0.4°C/W is realized. Two of 
these dual extrusions are mounted back-to-back to provide 
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FIGURE 21 — Heat Sink Temperature versus Time 


a channel for the air flow from 
four Rotron SP2A2 4" 
fans. Two are mounted in each end of the heatsink, and 
the four fans operating in the same direction provide an 
air flow of approximately 150 CFM. 
The third order harmonic is 14 dB below the 
fund 
amental at certain frequencies, as can be seen in Figure 
22. This numberis typical in a fouroctaveamplifier, and 
it is obvious that some type of output filteris required 
whenit is usedforcommunications purposes. 
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FIGURE 22 — Output Harmonic Contents versus Frequency 


The 
10:1 load mismatch was simulated with 34 feet 
of RG-58 coaxial cable, which has an attenuation of 
approximately 0.9 dB at 30 MHz, representing 1.8 dB 
return loss. The coaxial was terminated into an LC network 
consisting of a 2 x 15 - 
125 pF variablecapacitor and 
two inductors as shown in Figure 23. 


FIGURE 23 - 
Load Mismatch Test Circuit 


NOTE: Tho PrintedCircuitBoard shown Is 75% of the original. 


FIGURE 24.— Circuit Board Layout of the Power 
Combiner Assembly 
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FIGURE 25 - 
Board Layout of the Power Combiner 
Transmission Line Assembly 
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Thehighcurrent mode appearsat a phase angleof -90° 
and 
20 
£2, where 
the monitored individual collector 
currents increased to 6.8 A. At 50 V this amounts to 340 W, 
which almost entirely represents device dissipation. 
At 20:1 load mismatch an equal power dissipation is 
reached at a power output of approximately 650 WCW. 
Since the collector voltages remain below the device 
breakdown at the high impedance mode (+90°C. 150 SI). 
it may be concluded, that the load mismatch susceptibility 
islimited by overdissipation of the transistors. 


FIGURE 26 - 
Board Layout o( the 300 W Module and Driver Amplifier 
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LINEAR AMPLIFIERS FOR MOBILE OPERATION 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering 


INTRODUCTION 


The three versions of the amplifier described here are 
intended 
mainly 
for amateur radio applications, but 
are suitable for other applications such.as marine radio 
with slight modifications. 
100 
W 
is 
obtained with two MRF455's. 
MRF460 
or MRF453 is also adaptable to this design, resulting in 
approximately 1.0 to 2.5 dB higher overall power gain 
than the values shown. The MRF454 devices which can be 
directly substituted with MRF458's for slightly lower 
IMD, deliver the 140 W, and two MRF421 
devices are 
used in the 180 W version. 
The useofchip capacitors results in good repeatability, 
making the overall design suitable for mass production. 
There are several precautions and design hints to be 
taken into consideration regardingtransistor amplifiers: 


1. Eliminate circuit oscillation. Oscillations may cause 
overdissipation of the device or exceed the break 
down voltages. 
2. Limit the power supply current to prevent excessive 
dissipation. 
3. Adopt protective circuitry, such as fast acting ALC. 
4. Ensure proper attachment of the device to a heat 
sink using Silicone grease (such as Corning 340 or 
GC Electronics 8101) to fill all thermal gaps. 


THE TRANSISTORS 
The MRF421 with a specified power output of 100 W 
PEP or CW is the largest of the three RF devices. 
The maximum dissipationlimit is 290 Watts, which means 
that the continuous collector current could go as high 
as 21.3 A at 13.6 V operated into any load. The data 
sheet specifies 20 A; this is actually limited by the current 
carrying capability of the internal bonding wires. The 
values given arevalidat a 25°C mount temperature. 
The minimum recommended collector idling current 
in 
Class AB is 150 mA. This can be exceeded at the 
expense of collector efficiency, or the device can be 
operated in Gass A at an idling current of approximately 
one fourth the maximum specified collector current. This 
rule of thumb applies to most RF power transistors, 
although not specified for ClassA operation. 
The MRF454 is specified for a power output of 80 W 
CW. Although the data sheet does not give broadband 
performance or IMD figures, typical distortion products 


arc 
* 
-31 
to -33 dB below one of the two test tones 
(7) with a 13.6 V supply. This device has the highest 
figure of merit (ratio of emitter periphery and base area), 
which correlates with the highest power gain. 
The maximum dissipation is 250 Watts, and the maxi 
mum continuous collector current is 20 A. The minimum 
recommended collector idling current is 100 mA, and like 
the MRF421, can be operated in Class A. 
The data sheet specification for the MRF455 is 65 W 
CW, but it can be operated in SSB mode, and typically 
makes -32 to -34 dB IMD in reference to one of the two 
test tones at 50 W PEP, 13.6 volts. It contains the same 
die as MRF453 and MRF460, but is tested for different 
parameters and employs a smaller package. The 
MRF455/MRF453/MRF460 has a higher figure of 
merit than the two devices discussed earlier. 1)ue to this 
and the higher associated impedance levels, the power 
gain exceeds that of the MRF454 and MRF421 in a 
practical circuit. The minimum recommended collector 
idling current is 40 mA for Class AB, but can be 
increased up to 3.0 A for Class A operation. 
It should be noted that the data sheet figures for power 
gain and linearity are lowered when the device is used 
in multi-octave broadband circuit. Normally the device 
input and output impedances vary by at least a factor of 
three from 1.6 to 30 MHz. Therefore, when impedance 
correction networks are employed, some of the power 
gain and linearity must be sacrificed. 
The input correction network can be designed with 
RC or RLC combinations to give better than 1 dB gain 
flatness across the band with low input VSWR. In a low- 
voltage system, little 
can be done about 
the output 
without reducing the maximum availablevoltage swing. 
At power levels up to 180 Watts and 13.6 V. the peak 
currents approach 30 A, and every 100 mV lost in the 
emitter grounding or collector dc feed also have 
a significant effect in the peak power capability. Thus, 
these factors must be emphasized in RF power circuit 
design. 


THE BASIC CIRCUIT 
Figure I shows the basiccircuit of the linearamplifier. 
For different power levels and devices, the impedance 
ratios of Tl and T3 will be different and the values of 
Rl, R2, R3, R4, R5, CI, C2, C3, C4 and C6 will have to 
be changed. 
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FIGURE 1 - Basle Circuit of Linear Amplifier 


The BiasVoltage Source 
The 
bias voltage 
source uses active components 
(MC1723G and Q3) rather than the clampingdiode system 
as seen in some designs. The advantages areline voltage 
regulationcapability, low stand-by current, (%1.0 mA) and 
wide range of voltage adjustability. With the component 
values shown, the bias voltage is adjustable from 0.5 to 
0.9 Volts, which is sufficient from Class B to Class A oper 
ating conditions. 
In Class B the bias voltage is equal to the transistor 
Vbe> and there is no collector idling current present 
(except small collector-emitter leakage, Ices), and the 
conduction angleis 180°. 


In Class A the bias is adjusted for a collector idling 
current of approximately one-half of the peak current in 
actual operating conditions, and the conduction angle 
is 360°. 
In Class AB, (common for SSB amplifiers) the bias is 
set for a low collector quiescent current, and the con 
duction angle isusuallysomewhathigherthan 180°. 
The required base bias current can be approximated as: 


Jc_. 
hFE 


where: 


IC =Collector current, assuming an efficiency of 50% 
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and Pont of 1-80Wis:- 
2Pout 
_ 
OUtui iou « is. 
y 
j3 6 


hFE = Transistor dc beta (typical 30, from data sheet) 


26.47 
Bias current = 
30 
= 0.88 A 


360 
= 26.47 A. 


R12 shares the dissipation with Q3, and its value must 
be such 
that 
the 
collector voltage 
never drops below 


approximately 2.0 V(e.g. ^dnp* =13.2 SI). The 


MRF421 devices used for this design had hpii values on 
the high side (45), and Rl 2 wascalculated as 20S2, which 
is also sufficient for the lower power versions. 
R5 
determines 
the 
current 
limiting 
characteristics 
of the MCI723, and 0.5 SI will set the limiting point 
to 1.35 A, ± 10%. 
For SSB operation, excluding two-tone testing, die 


the circuit board. 
The 
measured output voltage variations of the bias 
source 
from zero to 1.0 A were ± 8-12 mV resulting 
in a source impedance of «* 30 m£2. 


The Input Frequency Correction Network 


The input correction network consists of Rl, R2, C2 
and C3. With die combination of the negative feedback 
derived from L5 through R3 and R4 (Figure 1), it forms 
an attenuator with frequency selective characteristics. At 
30 MHz the input power loss is 1-2 dB, increasing to 
10-12 dB at 1.6 MHz. This compensates the gain variations 
of the RF transistors over the 1.6 to 30 MHz band, result 
ing in an overall gain flatness of approximately ±1.0 to 


±1.5 dB. 
Normally an input VSWR of 2.0:1 or lower (Figure 8) 
is possible with this type of input network (considered 
sufficient 
for 
most 
applications). 
More 
sophisticated 


FIGURE 2 — Photograph of 180 W Version of the Linear Amplifier 


duty cycle is low, and the energy charged in Cll can 
supply 
higher 
peak 
bias currents 
than 
required 
for 
180 W PEP. 
It is possible to operate the basic regulator circuit, 
MCI723, at lower output voltages than specified, with 
modified component values, at a cost of reduced line 
and output voltage regulation tolerances which arc still 
more 
than 
adequate for 
this application. Temperature 
sensing diode Dl is added for bias tracking with the RF 
power transistors. The base-emitter junction ofa2N5190 
or similar device can be used for this purpose. The tem 
perature tracking within 15% to 60°C is achieved, even 
though 
die die processing is quite different from that 
of the RF transistors. The physical dimensions of Case 77 
(2N5190) permits its use for the center stand-off of 


LRC networks will yield slightly better VSWR figures, 
but are more complex and sometimes require individual 
adjustments. 
Additional information on designing and optimizing 
these networks can be found in referenced). 


The Broadband Transformers 


The input transformer Tl and the output transformer 
T3 are of the same basic type, with the low impedance 
winding consisting of two pieces of metal tubing, elec 
trically shorted in one end and the opposite ends being 
the connections of this winding (Figure 3A). The multi- 
turn 
high impedance winding 
is threaded through the 
tubing so that 
the low and high impedance winding 
connections arc in opposite ends of the transformer. 
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FIGURE 3 —Two Variations of the Input and Output Transformers IT1 and T3) 


The 
physical configuration can be implemented 
in 
various manners. A simplified design can be seen in 
Figure 3B. Here the metal tubing is substituted with 
copper braid, obtained from any co-axial cable of the 
proper diameter (4). The coupling coefficient between 
the primary' and secondary windings is determined by the 
length-to-diameter ratio of the metal tubing or braid, 
and the gauge and insulation thickness of the wire used 
for the high impedance winding. For high impedance 
ratios (36:1 
and higher), miniature co-axial cable where 
only the braid is used, leaving the inner conductor dis 
connected gives the best 
results. 
The 
high coefficient 
of coupling is important 
only at the high-frequency 
end of die band, e.g. 20 to 30 MHz. Additional informa 
tion on these transformerscan be found in referenceC5). 
Both transformers arc loaded with ferrite material to 
provide sufficient low-frequency response. The minimum 
required inductance in the one turn winding can be 


calculated as: 


where 


L = 
R 
2IIf 


L = Inductance in uH 


R = Base-to-Basc or Collector-to- 
Collector Impedance 
f = Lowest Frequency in MHz 


For example, in the 180 Watt version the input trans 
former is of 16:1 impedance ratio, making the secondary 
impedance 3.13 SIwith a 50 SIinterface. 


Then: 
L = 
3.13 
6.28x 1.6 = 0.31 ulI 


For 
the 
output 
transformer having a 25:1 impedance 


ratio to a 50 SI interlace, L = 6.28.x 1.6 = 0.20/d I. 


It should be noted that in the lower power versions, 
where the input and output impedances are higher and 
the transformers have lower impedance ratios, the required 
minimum inductances arc also higher. 
T2, 
the collector choke supplying the dc to each 
collector, also provides an artificial center tap for T3. 
This combination functions as a real center tapped trans 
former 
with 
even harmonic cancellation. T2 
provides 
a convenient 
low impedance 
source for the negative 
feedback 
voltage, which is derived from a separate one 
turn winding. 


T3 alone docs not have a true ac center tap, as there is 
virtually no magnetic coupling between its two halves. 
If the collector dc feed is done through point E (Figure 1) 
without T2, the IMD or power gain is not affected, but 
the even harmonic suppression may be reduced by as much 
as 10 dB at the lower frequencies. 
The characteristic impedance of ac and bd (T2) should 
equal one half the collector-to-collector impedance but 
is not critical, and for physical convenience a bifilar 
winding is recommended. 
The center tap of T2 is actually be (Figure 1), but 
for stabilization purposes, b and c are separated by RF 
chokes by-passed individually by C8 and C9. 
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TABLE 1 — Parts List' 


100 W AMPLIFIER 
140 W AMPLIFIER 
180 W AMPLIFIER 


CI 
61 pF 
51 pF 
82 pF 
C2. C3 
6600 pF 
5600 pF 
6800 pF 
C4 
- 
390 pF 
1000 pF 
C5 
680 pF 
680 pF 
680 pF 
C6 
1820 pF 12 x 470 pF 
1760 pF (2x470 pF 
1940 pF (2 x 470 pF 
chip* + 680 pF dipped 
chips + 820 pF dipped 
chips + 1000 pF dipped 
mica In parallel) 
mica In parallel) 
mica In parallel) 
C8.C9 
0.68 uF 
0.68 fiF 
0.68 uF 
C10 
100MF/20V 
IOOuF/20 V 
100uF/20V 
olectrolytic 
electrolytic 
eloctrolytic 
C11 
500 MF/3 V 
500uF/3 V 
S00uF/3 V 
electrolytic 
electrolytic 
eloctrolytic 
C12 
1000 pF disc ceramic 
1000 pF disc ceramic 
1000 pF disc ceramic 
R1, R2 
2 x 3.9 tl/Y, w 
in parallol 
2 x 3.6 tl/Y, W in parallel 
2 x 3.3 tl/Y, W inparallel 
R3, R4 
2 x 4.7 tl/% W In parallel 
2 x 5.6 tlP/, W In parallol 
2 x 3.9 tl/Y, W Inparallel 
RS 
1.0n/J4 W 
0.5 n/Ji W 
0.5 tl/Y, W 
R6 
1.0 kft/V4 W 
LOkR/XW 
LOkft/XW 
R7 
18 kft/H W 
18 kft/Ji W 
18 ktl/Y, W 
R8 
8.2 kft/VS W 
8.2 kft/54 W 
8.2kft/KW 
R9 
1.0 kfi trlmpot 
1.0 kfl trlmpot 
1.0 kft trlmpot 
RIO 
150 n/H W 
150 ft/% W 
150fJ/HW 
R11 
I.Okll/XW 
I.Dkn/KW 
1.0kft/K W 
R12 
20 n/s w 
20 ft/5 W 
20 ft/5 W 
Ll, L2 
Forroxcubo VK200 19/4B ferrito choke 
L3, L4 
Two Folr-Rlto Products ferrite beads 2673021801 or equivalent on AWG #16 wlro each. 
LS 
1 separate turn through toroid of T2. 
T1 
9:1 (3:1 turns ratio) 
| 
9:1 (3:1 turns ratio) 
16:1 (4:1 turns ratio) 
Ferrite coro: Stockpolo 57-1845-248, Fair-Rite Products 2873000201 or two Fair-Rite 
Products 0.375" OD x 0.200" ID x 0.400". Material 77 beads for type A (Figuro 3) 
transformer. Seo text. 
| 
T2 
6 turns of AWG #18 enameled, bifilar wiro 
Ferrito core: Stackpole 57-9322, Indiana General F627-8 Q1 or equivalent. 
T3 
16:1 (4:1 turns ratio) 
| 
16:1 (4:1 turns ratio) 
25:1 (5:1 turns ratio) 
Ferrito coro: 
2 Stockpolo 57-3238 forrite sleeves (7D material) or number of toroids 
with similar magnotic characteristics and 0.175" sq. total cross sectional area. Seo toxt. 
All capacitors except C12, part of C5 and tho eloctrolytics aro coramic chips. 
Veluos over 82 pF are Union Carbide typo 1225 or Varody losizo 14. 
Others ere type 1813 or size 18 respectively. 
Q1.Q2 
MRF4S3. 
MRF460. MRF455 
MRF4S4, MRF4S8, 
MRF421 


Q3 
I2N5S89 orequivalent 
1 
Dl 
<2N5190 or equivalent 
/ 
D2 
( Not Used 
l 
c. 
v 
b. 
' 
e. 
Dotted lino in performence 
Dashod tlno In performence 
Solid line in performance 
data. 
data. 
data. 


'Note: parts & kits for this amplifier are available from Communication Concepts, 121 Brown St.. Oayton, 
Ohio 45402 1513) 220-8677 


GENERAL DESIGN CONSIDERATIONS 
As the primary and secondary windings of T3 are 
electrically isolated, 
the collector dc blocking capaci 
tors (which may also function as low-frequency compen 
sation elements) have been omitted. This decreases the 
loss in RF voltage between the collectors and the trans 
former primary, where every 100 mV amounts to approxi 
mately 2 W in output power at 180 W level. The RF 
currents at the collectors operating into a 2ft load are 


extremely high, e.g.: Irf -J -^K =9-5 A, or peak 


9.5 


the lower side of the circuit board (Figure 4), Vqq is 
brought through two 1/4" wide runs, one on each side 
of the board. With the standard 1.0 oz. laminate, the 
copper thickness is 1.4 thousands of an inch, and their 
combined cross sectional area would be equivalent to 
AWG #20 wire. 
This is not adequate to carry the dc 
collector current which under worst case conditions can 
be over 25 A. Therefore, the high power version of this 
design requires 2 oz. or heavier copper laminate, or 
these runs should be reinforced with parallel wires of 
sufficient gauge. 
The thermal design (determining the size and type 
of a heat sink required) can be accomplished with infor 
mation in the device data sheet and formulas presented in 
references 5 and 6. As an example, with the 180 W unit 
using MRF421's, the Junction-to-Ambient Temperature 


0.707 
13.45 A. 


Similarly, the resistivelosses in the collector dc voltage 
path should be minimized. From the layout diagram of 
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Tj-Ta 
, 
(RflJA) is calculated first as R^JA =—p 
where: 


Tj -Maximum Allowed JunctionTemperature (150°C). 
Ta= Ambient Temperature(40°C). 


1KO 
P = Dissipated Power ( 
) x (100 -17) 


7) = Collector Efficiency (%). 


If the worst case efficiency at 180 W CW is 55%, then 


150-40 
P = 148 W, and RfljA = 
<^» 


= 1.49° C/W (for one 


Loops cart be provided for 
ent probe measurements 


- 
Board Stand Off's 


0 
- 
Terminal Pins andFeodthrough 


X 
- 
Feedthrough Eyelets 


device). The Heat Sink-to-Ambient Thermal Resistance, 
ROSA • &0JA " (R0JC + ROCS) 
where: RflJC = Device 
Junction-to-Case Themial Resistance, 0.60°C/W* (from 
data sheet). 
ROCS 
= 
Themial 
Resistance, 
Case-to-Heat 
Sink, 
0.1°C/W (from table in reference 5). 


Then: R.sa^'-49-^60^-0=0-3950 C/W 


This number can be used to select a suitable heat sink 
for the amplifier. The information is given by most 
manufacturers for their standard heat sinks, or specific 
lengths of extrusion. As an example, a 9.1" length of 
thermalloy 6153 or a 7.6" length of Aavid Engineering 
60140 extrusion would be required for 100%duty cycle, 
unlessthe air velocity isincreased by a fan or other means. 


The R0jc figure of 0.875°C/Wgiven for tho MRF421 IsInerror, 
and will be corrocted In tho future prints of the data sheet. 


FIGURE 4 - Component Layout of tha Basic Amplifier 
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FIGURE 5 - An Example of the IMD Spectral Display 
Ic. Power Output • 180 W PEP. 30.00 MH*) 


Tho Two Tones Have Been Adjusted 6 dB Below the Top Line, 
and the Distortion Products Rotative to Peak Power can be 
Directly Read on the Scale. 


PERFORMANCE AND MEASUREMENTS 


The 
performance 
of each amplifier was measured 
with equipment similar to what is described in reference 
"). The solid lines in Figures 6, 7. 8 and 9 represent 
the 100 W unit, the dashed lines represent the 140 W unit, 
and the dotted lines refer to the ISO W version. The data 
presented is typical, and spreads in the Iransistoi h|-|;*s 
will result in slight variations in RF power gain (Fig 
ure 7). 
The performance data is also affected by the purity 
of the driving source. There should be 3t least 5 
fa dB 
IMD margin to the expected power amplifies speci 
fication, and a harmonic suppression of 50 dB minimum 
below the fundamental is recommended O). 
The 
IMD 
measurements 
were 
done 
in 
accordance 
to the E.I.A. proposed standard, commonly employed 
in Ham Radio and other commercial equipment design. 
The distortion products are referenced to the peak power, 
and adjusting the tone peaks fa dB below the 0 dB line 
on 
the 
spectrum 
analyzer screen (Figure 5) provides 
a direct reading on the scale. 


The collector efficency under two tone test condi 
tions is normally 15 - 20% lower than at CW. The load 
line has been optimized for the peak power (as well as 
possible in a broadband system with transformer imped 
ance ratios of 4:1, 9:1, 16:1, 25:1, etc. available), which 
al SSB represents a smaller duty cycle, and the power 
output 
varies between 
zero 
and 
maximum. 
Typical 
figures are 40 - 45% and 55 —65% respectively. 
The stability and load mismatch susceptibility were 
tested at 15 and 30 MHz employing an LC network (-) 
to simulate high and low reactive loads at different phase 
angles. The maximum degree of load mismatch was con 
trolled 
by 
placing 
high 
power 
50-Ohm 
attenuators 
between the amplfiicr output and variable LC network. 


1 
1 
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FIGURE 6 - 
Intermodulation Distortion versus Power Output 
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FIGURE 7 —IMD and Power Gain versus Frequency 
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FIGURE 8 - Input VSWR and Collector Efficiency versus Frequency 
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FIGURE9 - Output Harmonic Contents (Odd Order) 
versus Frequency 


A 2 dB attenuator limits the output VSWRto 4.5:1,3 dB 
to 3.0:1, 6 dB to 1.8:1 etc., assuming that the simulator 
is capable of infinite VSWR at some phase angle. The 
attenuators for -1.0 dB or less were constructed of a 
length of RG-58A co-axialcable, whichat 30 MHzhas an 
attenuation of 3.0 dB/100 ft. and at 15MHz2.0 dB/100 ft. 
Combinations of the cable and the resistive attenuators 
can be usedto givevariousdegrees of total attenuation. 
The tests indicated the 100 W and 140 W amplifiers 
to be stable to 5:1 output VSWR at all phase angles, 
and the 180 Wunit is stable to 9:1. All units passed a load 
mismatch test at full rated CWpower at an output load 
mismatch of 30:1, which they were subjected to, until 
the heat sink temperature reached 60°C. For this, the 
load mismatch simulator was motor driven with a 
2 
second cycle period. 


Output Filtering 
Depending on the application, harmonic suppression 
of -40 dB to -60 dB may be required. This is best accom 
plished with low-pass filters, which (to cover the entire 
range) should have cutoff frequencies 
e.g. 35 MHz, 
25 MHz, 15 MHz, 10 MHz, 5.5 MHz and 2.5 MHz. 
The theoretical aspect of low-pass filter design is well 
covered in the literature 00. 
A simple Chebyshev type constant K, 2 pole filter 
(Figure 10) is sufficient for 40 - 45 dB output harmonic 
suppression. 


The filter is actually a dual pi-network, with each pole 
introducing a -90° phase shift at the cutoff frequency, 
where Ll, L2, CI and C3 should have a reactance of 


NOTE: The use of these amplifiers is illegal for Class D Citizens 
band service. 


50 Ohms, and C2 should be 25 Ohms. If C2 is shorted, 
the resonances of L1C1 and L2C3 can be checked with a 
grid-dip meter or similar instrument for their resonant 
frequencies. 
The calculated attenuation 
for this filter is 6.0 dB 
per element/octave, or -45 dB for the 3rd harmonic. 
In practice, only -35 to -40 dB was measured,but this 
was due to the low Q values of the inductors (approxi 
mately 50). Air core inductors give excellent results, 
but toroids of magnetic materials such as Micrometals 
grade 6 are also suitable at frequencies below 10 MHz. 
Dipped mica capacitors can be used throughout. 
If the filters are correctly designed and the component 
tolerances are 5% or better, the power loss will be less 
than 1.0 dB. 


SUMMARY 
The basic circuit layout (Figure 1) has been success 
fully adopted by several equipment manufacturers.Minor 
modificationsmay be necessary depending on the avail 
ability of specificcomponents. For instance, the ceramic 
chip capacitors may vary in physical sizebetweenvarious 
brands, 
and 
recent 
experiments 
show 
that 
values 
> 
0.001 
uF 
can 
be substituted with 
unencapsulated 
polycarbonate stacked-foil capacitors. These capacitors 
are available from Siemens Corporation (type B32540) 
and other sources. Also Tl and T2 can be constructed 
from stacks of ferrite toroids with similar material char 
acteristics. Toroids are normally stock items, and are 
available from most ferrite suppliers. 
The aboveis primarilyintended to give an exampleof 
the device performancein non-laboratory conditions, thus 
eliminating the adjustments from unit to unit. 
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The PCB layout below is a supplement to Figure 4 and may be used for generating printed 
circuit artwork. 


^ 
e 


u 
c 
NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 11 — Printed Circuit Board Layout 
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LOW-DISTORTION 1.6 TO 30 MHz SSB DRIVER DESIGNS 


Prepared by 
Helge O. Granberg 
RF Circuits Engineering 


GENERAL CONSIDERATION 


Two of the most important factors to be considered in 
broadband linear amplifier design are the distortion and 
the output harmonic rejection. 
The 
major 
cause 
for 
intermodulation distortion is 
amplitude nonlinearity in the active element. The non- 
linearity 
generates 
harmonics, 
and 
the 
fundamental 
odd-order 
products 
are 
defined 
as 
2f]_f2. 
2f2—f] - 
3f2—2f2i 3f2"-fl- e,c-- when a two-tone test signal is 
used. These harmonics may 
not 
always appear in the 
amplifier output due to filtering and cancellation effects, 
but are generated within the active device. The amplitude 
and harmonic distortion cannot really be distinguished, 
except in a case of a cascaded system, where even-order 
products in each stage can produce odd-order products 
through mixing processes that fall in the fundamental 
region.2 This, combined with phasedistortion-which in 
practical circuits is more apparent at higher frequencies- 
can make the distortion analysis extremely difficult; > 
whereas, if only amplitude distortion was present, the 
effect of IMD in each stage could easily be calculated. 
In order to expect a low harmonic output of the power 
amplifier, it is also important for the driving source to be 
harmonic-free. This is difficult in a four-octave bandwidth 
system, even at I0-20 watt power levels. Class A biasing 
helps the situation, and Class A push-pull yields even better 
results due to the automatic rejection of even harmonics. 
Depending on the application, a full Class A system is 
not 
always 
feasible because of its low efficiency. The 
theoretical maximum is 50%, but practical figures are not 
higher than 25% to 35%. It is sometimes advantageous 
to select a bias point somewhere between Class AB and A 
which would give sufficiently good results, since filtering 
is 
required 
in 
the 
power 
amplifier output 
in 
most 
instances anyway. 
In order to withstand the high level of steady dc bias 
current. Class A requires a much larger transistor die than 
Class Ii or AB for a specific power output. There are 
sophisticated 
methods 
such 
as 
generating 
the 
bias 
voltage from rectified RF input power, making the dc 
bias 
proportional 
to 
the 
drive 
to a better efficiency. 
level. 
This also yields 


20 W, 25 dB AMPLIFIER 


WITH LOW-COST PLASTIC DEVICES 


The amplifier described 
here provides a total power 
gain of about 
25 dB. and the construction technique 
allows 
the use of inexpensive components throughout. 
The plastic RF power transistors. MRF475 and MRF476, 
featured in this amplifier, were initially developed for the 
CB market. The high manufacturing volume of these 


TO-220 packaged parts makes them ideal for applications 
up to 50 MHz. where low cost is an important factor. 
The MRF476 is specified as a 3-watt device and the 
MRF475 has an output power of 12 watts. Both are 
extremely 
tolerant 
to overdrive and 
load 
mismatches, 
even under 
CW conditions. Typical 
IMD numbers are 
better than -35 dB, and power gains are 18 dB and 12 dB, 
respectively, at 30 Mil/. 
The collectors of the transistors are electrically con 
nected to the TO-220 package mounting tab which must 
be 
isolated 
from 
the 
ground 
with 
proper 
mounting 
hardware (TO-220 AB) or by floating heat dissipators. 
The latter method, employing Thermalloy ft107 and ft10ft 
heat dissipators, was adapted for this design. Without 
an airflow, the 610ft and ft107 provide sufficient heat 
sinking for about 30% duly cycle in the CW mode. 
Collector idle currents of 20 mA are recommended fol 
both devices, but 
they were increased to 
100 mA for 
the MRF475 and to 40 mA for the MRF476 to reduce 
the higher 
order IMD products and to achieve bettei 
harmonic suppression. 


Biasing and Feedback 


The biasing is achieved with the well-known clamping 
diode arrangement (Figure 2). 
Each stage has it own 
diode, resistor, and bypass network, and the diodes are 
mounted between the heat dissipators, being in physical 
Contact 
with 
them 
for temperature-tracking purposes. 
A better thermal contact is achieved through the use of 
silicone grease in these junctions. 
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R5 
B 
•^w—CHD- 


Rl, R4 - 
10 Ohms. 1/4 W 
R2. R3 - 30 Ohms, 1/4 W 
R5. R6 - 
82 Ohms. 3 W (Nom.) 
R7 - 
47 Ohms. 1/4 W 
R8. R11 -6.8 Ohms, 1/4 W 
R9. R10 - 
15 Ohms. 1/4 W 
R12 - 
130 Ohms, 1/4 W 


CI - 
39 pF Dipped Mica 
C2. C3 — 680 pF Ceramic Disc 
C4, C10 - 220 HF, 4 V. Tantolum 
C5. C7. C11. C13 -0.1 pF Ceramic Disc 
C6 - 
56 pF Dipped Mica 
C8, C9 - 
1200 pF Ceramic Disc 
C12. C14 - 
10/iF. 25 V Tantalum 


IIII. 
77k 02V 
Cio;k 


Ri2|;\ ;> 


X 
I- 


« 
50 n out 


RFC5 - 
Ferroxcube VK200 19/4B 
RFC1. 2, 3. 4 - 
10 uH Molded Choke 


B — Ferrite Beads (Fair-Rite Prod. Corp. #2643000101 or 
Forroxcubo #56 590 65/3B) 


Dl, 02 - 
1N4001 


Q1. Q2 - 
MRF476 
Q3. 0.4 - 
MRF475 


Tl, T2 — 4:1 Impedenco Transformer 
T3 — 1:4 Impedance Transformer 


RGURE 2* 
'Note: Communication Concepts. 121 Brown Street, Dayton, Ohio 45402 (513) 220-9677 


The bias currents of each stage are individually adjust 
able with R5 and R6. Capacitors C4 and CIO function as 
audio-frequency bypasses to further reduce the source 
impedance at the frequencies of modulation. 
This biasing arrangement is only practical in low and 
medium power amplifiers, since the minimum current 
requiredthrough the diode must exceed lc/hfe- 
Gain leveling across the band is achieved with simple 
RC networks in series with the bases, in conjunction with 
negative feedback. The amplitude of the out-of-phase 
voltages at the bases is inversely 
proportional 
to the 
frequency as a result of the series inductance in the feed 
back loop and the increasing input impedance of the 
transistors at low frequencies. Conversely, the negative 
feedback lowers the effective input impedance presented 
to the source (not 
the input impedance of the device 
itself) and with proper voltage slope would equalize it. 
With this technique, it is possible to maintain an input 
VSWR of 1.5:1 or less from 1.6 to 30 MHz. 


Impedance Matching and Transformers 


Matching of the input and output impedances to 50 
ohms, as well as the interstage matching, is accomplished 
with broadband transformers(Figures3 and 4). 


Normally only impedance ratios such as 1:1, 4:1, 9:1, 
etc., are possible with this technique, where the low- 
impedance 
winding consists of metal 
tubes, through 
which an appropriate number of turns of wire is threaded 
to form the high-impedance winding. To improve the 
broadband characteristics, 
the 
winding 
inductance 
is 
increased with magnetic material. An advantage of this 
design is its suitability for large-quantity manufacturing, 
but it is difficult to find low-loss ferrites with sufficiently 
high permeabilities for applications where the physical 
size must be kept small and impedance levels are relatively 
high. Problems were encountered especially with the out 
put transformer design, where an inductance of 4 juH 
minimum is required in the one-turn winding across the 
collectors, when the load impedance is 


2(VCE-VCEsat)* . 2(13.6-2.3)'. |2J^^ 


Pout 
20 


Ferrites having sufficiently low-loss factors at 30 MHz 
range only up to 800-1000 in permeability and the 
inductance is limited to 2.5-3.0 pH in the physical size 
required. This would also limit the operation to approxi 
mately 4 MHz, 
below which excessive harmonics are 
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FIGURE 3 


Examples ol 
broadband 
transformers. 
Variations 
of 
these 
are 
used in all designs of 
this article (see text). All ferrites in trans 
formers are Fair-Rue Products Corp. =2643006301 ferrite beads.* 
The turns ratios shown 
in 
Figure 4 are imaginary and do not 


necessarily lead to correct design practices. 


generated and the efficiency will degrade. One possible 
solution is to increase the number of turns, either by 
using the metal tubes for only part of the windings as 
in Figure 4B. or simply by winding the two sets of 
windings randomly through ferrite sleeves or a series of 
beads(Figures 3C and 4C). In the latter, the metal tubes 
can be disregarded 
or can be used only for mounting 
purposes. T3 was eventually replaced with a transformer 
of thistype,although not shownin Figure I. 
Below approximately 100 MHz. the input impedances 
of devices of the size of MRF475 and smaller are usually 
capacitive in reactance, and the Xs is much smaller than 
the Rs, (Low Q). For practical purposes, we can then use 
the formula V(Rs2 + Xs:) IO find the actual input 
impedance 
of 
the device. The 
data-sheel numbers for 
30 MHz arc 4.5, -j2.4 ohms, and we getV(4.5: + 2.4:) = 
5.1 ohms. The 
base-to-base impedance in a push-pull 
circuit would be four limes the base-to-emitter impedance 
of one transistor. However, in Class AB, where the base- 
emitter junction is forward biased and the conduction 
angle is increased, the impedance becomes closer lo twice 
that of one device. The rounded number of I I ohms must 
then be matched to the driver output. The drive power 
required with the 10 dB specified minimum gain is 


Pout/Log"1 (GPE/10) = 2.0W 


and the driver output 
impedance 
using the previous 
formula is 2(1 1.1:)/2 = I23 ohms. The 11 ohms in series 
with the gain-leveling networks (C8, RX and C9, Rl I) is 
17 ohms. The closest practical transformer for (his inter 
face would be one with °:1 impedance ratio. This would 
present a higher-than-calculated load impedance to the 
drivercollectors, and for the best linearity the output load 


•Wallkill.N.Y. 
12589 


Farrite Sleeve. 


FIGURE 4 


should be lower than requited loi the optimum gain and 
efficiency. Considering that the device input impedance 
increases al lower frequencies, a better overall match is 
possible with a 4:1. especially since the negative feedback 
is limited to only 4 dB at 2 MHz due to its effect on the 
efficiency and linearity. 
The 
maximum 
amount 
of 
feedback 
a 
circuit 
can 
tolerate 
depends 
much 
on 
the 
physical layout, 
ihe 
parasitic 
inductances, and impedance levels, since they 
determine the phase errors in the loop. Thus, in general. 
ihe high-level siages should operate with lower feedback 
than the low-level stages. 
The maximum amount of feedback the low-level driver 
can 
tolerate 
without 
iioiiceable deterioration 
in 
IMD 
is about 12 dB. This makes the total Id dB. but from the 
data sheets we find that the combined gain variation for 
both devices from 
2 
to 30 MHz is around 
29 dB. The 
difference, or 
13 dB. should be handled by the gain- 
leveling networks. 
The input impedance of the MRF476 is 7.55, -jO.65 
ohms at 30 MHz resulting in the base-to-base impedance 
of 2 x \/r7.552 + 0.652)= 15.2ohms. This,inseries with 
networks Rl. CI 
and 
R4. C3 (2 
x 4.4 ohms), gives 
24 ohms, and would require a 2:1 impedance ratio trans 
former 
for 
a 
50-ohm 
interface. 
However, due 
to the 
influence of strong negative feedback in this stage, a 
better overall matching is possible with 4:1 ratio. The 
input 
networks were designed 
in a manner similar to 
that described in Reference 8. 
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FIGURE 5 
Component Layout Diagram of Low-Cost 20 W Amplifier 


The Ie3ds of R7 and R12 form the one-turn feedback windings in T2 
and T3. Ferrite beads in dc line can be seen located under Tl and T2. 


. 


Measurements and Performance Data 


At a power output of 20 W CW, all output harmonics 
were measured about 30 dB or more below the funda 
mental, except for the third 
harmonic which was only 
attenuated 17 dB to 18 dB at frequencies below 5 MHz. 
Typical numbers for the higher order distortion products 
(ih) and d| |) are in the order o. -00 dB above 7 MHzanil 
-50 dB to -55 dB at the lower frequencies. These both 
can 
be 
substantially 
reduced 
by 
increasing 
the 
idle 
currents, but larger heat sinks would be necessary to 
accommodate the increased dissipation. 
The efficiency shown in Figure 6 represents the overall 
figure for both stages. Currents through the bias networks, 
which are 82/(13.6 - 0.7) = 0.16 A~ each, are excluded. 
Modified values for R5 and R6 may have to be selected, 
depending on the forward voltage characteristics of Dl 
and D2. 
Although 
this amplifier was designed to serve as 
a 
1.6 to 30 MHz broadband driver, it is suitable for the 
citizens band use as well. With some modifications and 
design shortcuts, the optimization can be concentrated to 
one frequency. 
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FIGURE 6 
Intermodulation distortion and power gain versus frequency 
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FIGURE 7 
Input VSWR and combined collector elficiency of both stages 


MOTOROLA RF DEVICE DATA 


7-134 


35 
; 


AN779 


Rl — 1 k Trimpot 
R2 — 1 k Ohm. 1/4 W 
R3 — Optional 
R4, R5 — 6,6 Ohms, 1/4 W 
R6, R7 — 47 Ohms, 1/4 W 


CI, C2, C5, C6, C7 — 0.01 pf Chip 
C3, C4 —1800 pF Chip 
C8 — 10 mF/35V Electrolytic 


C3 


" Li" 


_CYYY-i_ 


L1 


R6 
"^:C5 


<" 


1 


^n 
C8 


: RF Out 
50 tl 


Ll. L4, L5— Ferrite Beads (Fair-Rite Products Corp. 
#2643000101 or Ferroxcube #56 SS0 65/3B or equivalent) 
L2, L3 — 10 fiH Molded Choke 
L6, L7 — 0.1 mH Molded Choke 


01 — MJE240 
02, 03 — MRF433 


H1 — MHW591 


T1.T2 — 4:1 and 1:4 Impedance Transformers, respectively. 
(See discussion on transformers.) Ferrite Beads are 
Fair-Rite #2643006301 or equivalent) 


RGURE 8* 
•Note:parts&kitsforthisamplifier are available fromCommunications Concepts. 121 Brown St.,Oayton, Ohio45402 (513) 220-9677 


The output 
matching is done with a transformer 
similar to that described in the first part of this paper 
(Figures 4B, 4C). This transformer employs a multi-turn 
primary, which can be provided with a center tap for the 
collector 
dc 
feed. 
In 
addition 
to 
a higher 
primary 
inductance, more effective coupling between the two 
transformer 
halves 
is 
obtained, 
which 
is 
important 
regarding the even-orderharmonic suppression. 


28-Volt Version 


A 28-V version of this unit has also been designed with 
the MHW592 and a pair of MRF40Is. The only major 
change required is the output transformer, which should 
have a 1:1 impedance ratio in this case. The transformer 
consists of six turns of RG-196 coaxial cable wound on 
an Indiana General F-627-8-Q1 toroid. Each end of the 
braid is connected to the collectors, and the inner con 
ductor forms the secondary. A connection is made in the 
center of the braid (three turns from each end) to form 
the center tap and dc feed. 
The MRF433 and MRF401 have almost similar input 
characteristics, and no changes are necessary in the input 


circuit, except for the series feedback resistors, which 
should be 68-82 ohms and I W. 
In 
designing 
the gain-leveling 
networks, another 
approach can be taken, which does not involve the com 
puter program described in Reference 8. Although the 
input VSWR is not optimized, it has proved to give 
satisfactory results. 
The amount of negative feedback is difficult to deter 
mine, as it depends on the device type and size and the 
physical 
circuit 
layout. The operating 
voltage 
has 
a minimal effect on the transistor input characteristics, 
which are more determined by the electrical size of the 
die. High-power transistors have lower input impedances 
and higher capacitances, and phase errors are more 
likely to occur due to circuit inductances. 
Since the input capacitance is an indication of elec 
trical size of the device, we can take the paralleled value 
(Xp) at 2 MHz, which is Xs +(Rs2/Xs) and for MRF433 
3.5+(9.12/3.5) =27 ohms. TheXpof thelargest devices 
available today is around 10 ohms at 30 MHz, and 
experience has shown thatthe maximum feedback should 
be limited to about 5 dB in such case. Using these figures 
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as constants, and assuming the GpE is at least 10 dB. we 
can estimate the amouni of feedback as: 5/( lO:/27) + 5 = 
6.35 dB. although only 4 dB was necessary in this design 
due to the low AGpg of the devices. 
The series base resistors (R4 and R5)can be calculated 
for 4 ilB loss as follows: 


[(Vjn xA4dB) - Vm] = ((0.79 x 1.58) - 0.79] 


lit^ 
0.04 


= 11.45 ohms, or 


11.45/2 = 5.72 ohms each. 


Zj„| 2 MI I/)=V(9.|2 +3.52) =9.75 ohms, inClass AB 
push-pull 19.5 ohms. 


Pi,, = 20 W -28 dB = 20/630 = 0.03: W 
VRMS(base tobase) *V(0.032 x 19.5) =0.79 V 


lj„ = Vjn/Rin= 0.79/1 ".5=0.04 A 
AV4 dB =\/|Log"'(4/l0)| = 1.58 V 


The parallel capacitors (C3 and C"4) should be selected 
to resonate with 
R (5.7 ohms) somewhere in the mid- 
band. At 15 MHz. oui of the standard values. ISOO pF 
appears lo be the closest, having a negligible reactance 
ai 2 MHz, and 2 S ohms at 30 MHz. where most of ihe 
capacitive 
reactance 
is cancelled 
by the 
transformer 
winding inductance. 


Measurements and Performance Data 


The output harmonic contents of this amplifier are 
substantially 
lower than normally seen in a Class AB 
system operating at this power 
level and having a 4.5- 
octave bandwidth. All harmonics except the third are 
attenuated more than 30 dB across Ihe hand. Between 20 
and 30 Mil/. -40 to -55 dB is typical. The third harmonic 
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FIGURE 10 


Intermodulation 
Distortion 
and 
Power 
Gam 
versus 
Frequency 
(Upper Curves). Input VSWR and Colleclor Efliciency (excluding 


MHW591) (Lower Curves). 
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Terminal Pins 


X 
• Feedthrough Eyelets 


FIGURE9 
Component Layout Diagram of 
20 W, 55 dB High-performance Driv 


The leads of 
D1 and D2 are bent to allow the diodes to contact 
the transistor mounting flanges. 


Note that the mounting pad of Q1 must be connected to the lower 
side of the board through an eyelet or a plated through-hole. 
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has its highest amplitude (-20 to -22 dB), as can be 
expected, below 20 MHz. The measurements were done 
at an output level of 20 W CW and with 200 mA collector 
idle current per device. Increasing it to 400 mA improves 
these numbers by 3-4 dB, and also reduces the ampli 
tudes of ds, d7, d<), and d\\ by an average of 10 dB, 
but at the cost of 2-3 dB higher d3. 
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FIGURE 11 - 
IMD versus Power Output 


CONCLUSION 
The stability of both designs (excluding the 28 V unit) 
was tested into reactive loads using a setup described in 
Reference 8. Both were found to be stable into 5:1 load 
mismatch up to 7 MHz, 10:1 up to 30 MHz, except the 
latter design did not exhibit breakups even at 30:1 in 
the 20-30 MHz range\ If the test is performed under two- 
tone conditions, where the power output varies from zero 
to maximum at the rate of the frequency difference, it is 
easy to see at once if instabilities occur at any power level. 
The two-tone source employed in all tests consists of 
a pair of crystal oscillators, separated by I kHz, at each 
test frequency. The IMD (d3) is typically -60 dB and the 
harmonics -70 dB when one oscillator 
is disconnected 
for CW measurements. 
HP435 power meters were used with Anzac CH-130-4 
and 
CD-920-4 
directional 
couplers 
and 
appropriate 
attenuators. Other instruments included HP141T analyzer 
system 
and 
Tektronix 
7704A 
oscilloscope-spectrum 
analyzer combination. 
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The PCB layouts below are a supplement to.Figures 5 and 9 and may be used for generating printed 
circuit artwork. 
NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 12 - 
PCB Layout of Low-Cost 20 W Amplifier 


FIGURE 13 - 
PCB Layout of 20 W, 85 dB 
High-Performance Driver 
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THERMAL RATING OF RF POWER TRANSISTORS 


Prepared by: 
Robert J. Johnson 
Reliability is of primary concern to many users of transistors. The 
degree of reliability achieved is controlled by the device user because 
he determines the stress levels applied by his circuit and environmental 
conditions. This application note will permit the device user to estimate 
transistor reliability from the circuit designer's point of view, namely 
power dissipation and case temperature. 


Introduction 
The 
temperature-dependent 
thermal 
properties of 
silicon and beryllium oxide have been measured and 
documented by many laboratories during the last twenty 
years. Only in rare cases has this information been dis 
seminated by semiconductor device manufacturers to the 
users. The purpose of this note is to clarify and correct 
some long-standing industry-wide assumptions which have 
been commonly maintained about thermal resistance and 
high temperature derating. 
Most 
manufacturer's 
data 
sheets 
include 
a single 
thermal resistance number (R0JC) and use this number to 
calculate a linear derating constant out to some specified 
maximum junction temperature. The number cited on the 
data sheet was probably measured in the 25°C to 50°C 
range, and assumed constant over the whole range of 
temperatures up to the maximum specified junction tem 
perature. How often have you 
calculated a junction 
temperature from a data sheet, as Tj = Ta + (0JC)Pd? 
Unfortunately, the thermal resistance of silicon increases 
by 80% from 25°C to 200°C. The thermal resistanceof 
BeO changes by 30%, if the case temperature goes from 
25°C to 100°C. Knowledge of the basic physical prop 
erties of the materials and the methods used to calculate 
and measure thermal resistance will assist the device user 
in transistor selection and equipment design. 


NOTE: °K = °C + 273. 


Temperature-Dependent Thermal Properties 
Of Silicon and Beryllia 
The temperature-dependent thermal conductivities of 
silicon and beryllium oxide are seen in Figures 1 through 
3 and Table 
I. The temperature ranges are somewhat 
wider than are necessary for typical transistor operation, 
but are shown to emphasize the wide variation in thermal 
conductivities. Fulkerson et al3 tabulate the values for 
thermal 
conductivity 
and 
resistivity 
of silicon 
from 
100°K to 1350°K (see Table 1), and they find that the 
thermal resistivity of silicon as a function of temperature 
can be estimated by a linear approximation over the 
temperature range shown. 


(400 - 660°K) 
1/k=-0.1171 +2.954 X 10~3 T (°K) 


(600-1050°K) 
1/k=-0.9609+4.229X 10-3 T (°K) 


(1) 


(2) 


A similar least-square fit to Fulkerson's data over the 
range 200 to 700°K, within 1%,is given by: 


(200 - 700°K) 
1/k=-0.2286 +3.1683X 10"3T(°K) 
(3) 


Similarly for beryllia, one can fit the data of Elston et 
al2 over the range of 200 to 800°K, withequation (4). 


(200 - 800°K) 
1/k= 1.943 X 10-5T(0K)1.7 
(4) 


where k isthe thermalconductivity in units ofwatts/cm°K. 
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TABLE 1 — Smoothed Data for Thermal Conductivity and 
Resistivity of Silicon (Ref. 3) 


AN790 


T 


Smoothed ORNL Values 


k 
W = 1/k 
<°K» 
IWcm"1 dag-1) 
(cmdegW-1) 


100 
7.52 
0.133 
ISO 
3.88 
0.258 
200 
2.44 
0.410 
250 
1.78 
0.563 
300 
1.40 
0.716 
350 
1.15 
0570 
400 
0339 
1.065 
450 
0.825 
1.212 
500 
0.736 
1.359 
550 
0.663 
1508 
600 
0.604 
1.656 
650 
0.555 
1503 
700 
0.500 
1.999 
750 
0.452 
2.210 
800 
0.413 
2.420 
850 
0.380 
2.634 


SOO 
0.351 
2.845 
950 
0.327 
3.055 
1000 
0.306 
3.268 
1050 
0.287 
3.479 
1100 
0573 
3.65 
1150 
0.261 
3.82 
1200 
0.251 
3.97 
1250 
0245 
4.08 
1300 
0.241 
4.14 
1350 
0.239 
4.18 


FIGURE 2 - Thermal Conductivity of BeO (Ref. 2) 
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FIGURE 1 — Temperature Dependent 
Thermal Conductivity of Silicon IRof. 1) 
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FIGURE 3 — Thermal Conductivity 
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Geometric Factors and Thermal Resistance Calculation 
The thermal resistance of most silicon RF transistors is 
controlled by the bulk properties of silicon and beryllium 
oxide, geometry of the heat generating (base) areas, and 
the temperature of the heat sink (case). The interfaces 
generally are well behaved and contribute little to the 
overall 
total 
thermal 
resistance if the 
device, die and 
package elements are assembled and handled properly. 
Die temperature 
calculations are performed in two 
steps.The first uses the method of Linsted and Surtey4 
to calculate the temperature distribution of a die by using 
a double Fourier series solution to Laplace's equation. 
Figure 4 shows the device geometry and some of the 
boundary conditions. Equation 
(5) 
will calculate the 
temperature rise at any (x,y,z) point in the die, where 
A,B,C,D,F are die and heat-generating area boundaries. 
Q is the heat input in watts, and k is the thermal conduc 
tivity of the material in watts/cm°K (Linsted's equation). 


Q /CD\ 
r = --(—)(z- 
k\abJ 
F) 


resistivity. 
The 
calculated 
thermal 
resistance 
of 
the 
beryllia piece(from the previoussection) is mathematically 
divided into fifty layers, each with 1/50 of the total BeO 
thermal resistance. The 
first layer at the 
bottom is 
assumed to have its temperature at the heat-sink ambient 
with its thermal resistance value corrected to the proper 
temperature 
using the equations for the 
temperature- 
dependent resistivity. The power flux through the first 
layer then leads to its temperature rise, and this new 
temperature determines the thermal resistivity value for 
the second layer. Its temperature riseis calculated, and so 
on, until the result for the top surface of the fiftieth layer 
gives the temperature rise above the ambient 
for the 
beryllia piece. 
The same method is used for the silicon die, using the 
beryllia top surface temperature as the starting point, 
and correcting the thermal resistance of each of fifty 
layers based upon the temperature of the layer directly 


+ ±(-1)(J*.) <-..../'-"Plw-^Kr /«£\ cos/-mi 
^A 
K/\m*w*A/ 
V 
1+ exp (ImrrF/B) 
/ L WW 
\B/J 
+±(- £yid£)t.~,f-«p[^-*>/^ rsin(as.) cos (22iy| 
£I\ 
A'/VmVZj/ 
V 
1+exp(2,iirF/A) 
/L 
\A/ 
\ A /J 


£i £\\ 
K/ Wmn-y )\ 
1+exp (2yF) 
/ 


(ttirC\ 
/mvD\ 
(ntrx\ 
(miry\ 
) sin ( 
) cos I 
1cos I 
1 
A ) 
\ 
B } 
\ 
A } 
\ 
B ) 


+ 


where 


The Fourier series solutions are amenable to computer 
calculation and converge adequately within ten to twenty 
terms. Figure 5 shows the treatment of multiple base cell 
transistors. Lines of symmetry between adjacent basecells 


are considered to be adiabatic die boundaries as assumed 
by 
Lindsted. The 
power dissipated 
is assumed to be 
equally shared among the several base cells. The result of 
this calculation is the temperature rise of the silicon chip, 
assuming a constant thermal resistance for bulk silicon. 
The same model is used to calculate the temperature rise 
for the beryllia piece, using the silicon die area as the 
power dissipating area for the beryllia, again assuming 
the thermal resistance of the beryllia as a constant. The 
thermal resistances of the silicon die and the beryllia 
substrate are in series, so adding the above numbers gives 
a value 
for 
the thermal 
resistance of the device at 
a 
particular temperature and a power level low enough to 
avoid the effects of the temperature variations of the 
respective thermal resistances. 
The second step in the thermal resistance calculation 
takes into account the temperature-dependent thermal 


(5) 


beneath it, until the top surface of the silicon die result 
gives the calculated die temperature for that particular 
case of ambient temperature and power dissipation. The 
results of these 
calculations indicate 
that the thermal 
resistance of a given device is not a constant number, but 
is a function of the dissipated power and the ambient 
(case) temperature. Another result is that the junction 
temperature of a device dissipating power will rise more 
than 1°C for a 1°C rise in ambient temperature,because 
of the increase in thermal resistance. Figures 6 through 9 
show the calculated thermal resistance and die tempera 
ture for several different devices as a function of ambient 
temperature and power dissipation. 
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FIGURE 4 - Model for Heat Flow 
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FIGURE 5 — Array of Base Areas in a Silicon Die 


• 
m.LT] • 
—' —l—(.^ 
Artificial Boundary 


• n' u ~n 


• 
• 
• 
• 


MOTOROLA RF DEVICE DATA 


7-142 


FIGURE G - Junction Temperature and Thormal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperaturo 


FIGURE 8 - Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperaturo 
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FIGURE 7 - Junction Temperature and Thermal 


Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperature 


FIGURE 9 - Junction Temperature and Thermal 
Resistance as a Function of Power Dissipated, 
Flange (Heat Sink) Temperaturo 
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Experimental Verification 
Of CalculatedDieTemperature 
Actual temperature measurements are made with an 
infrared microscope, Barnes Eng. Co. Model RM2A. This 
instrument 
uses an 
indium 
antimonide diode photo- 
detector at liquid nitrogen temperatures to measure the 
infrared radiance emitted from a 1.5 mil spot on the 
surface being examined. The IR radiance versus tempera 
ture 
curve is calibrated by measuring the radiance at 
various known temperatures monitored by a calibrated 
thermocouple while the device is heated by external 
means. An experimental calibration is necessary because 
the radiance output of the device at a given temperature is 
a function of the average emissivity in the area seen by 
the microscope, and this average emissivity is a function 
of the geometry and processing history of the device 
in question. The effective emissivity depends upon the 
relative amounts of metal and silicon and the infrared 
transparency 
of the varying thicknesses of S1O2 glass 


in 
the 
field of view. The calibration data of radiance 
versus temperature can be least-squares curve fit to an 
equation of the form T = (A)(R)°, where A and b are the 
fitted constants, and R the measured radiance. 
The device is then powered up in its circuit, and the 
radiance data collected point-by-point around the surface 
of the silicon die. A computer program inputs the array 
of radiance data, calculates the actual temperature from 
the calibration equation, and prints a map of the tem 
perature profile, as well as some statistical information 
about the temperature distribution. 


FIGURE 10 - Actual vs Calculated Die Temperatures 
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Figures 10 through 12 are plots showing the cor 
relation of measured to calculated temperature for several 
geometries, under various conditions of flange tempera 
ture (30°C to 150°C), supply voltage, drive power, and 


FIGURE 11 — Actual vs Calculated Die Temperatures 
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FIGURE 12 — Actual vs Calculated Die Temperatures 
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output load magnitude and phase angles from 50 SI to 
over 30:1 VSWR. The calculated temepratures seem to be 
somewhat higher than measured at the higher power 
levels. The 
calculated temperatures are based on the 
calculated power dissipation, disregarding RF lossesin the 
actual loads and circuits. 


Metal Migration and Mean Time to Failure 
The calculated/observed temperature agreements are 
seento be closeenough so that the calculatedtemperature 
can be used as the basis for reliability calculations of Mean 
Time Before Failure (MTBF) for metal migration based 
uponBlack's^ work. 


MTBF= (cross section)3 
12 . f(TQ) 
(6) 


Equation (6) is the equation used for calculating metal 
migration lifetime, where the cross section refers to the 
conductingstripe dimensionsin cm2, and I is the current 
in the stripe in amps. f(T°) is an Arrhenius function of 
the stripematerial,havingthe form: 


f(T°) =Bexp(-0/KT) 
(7) 


The material dependent parameters B and <p areshown in 
Table 2. K is Boltzman's constant, and T is in degrees 
Kelvin. A series of graphs (Figures 13 through 16) have 
been constructed, one for each device, that present the 
results of the calculations of device temperature and 


FIGURE 13 - 
Metal Migration - MTBF 
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MTBF as a function of powerand ambient temperature. 
The temperature lines arevalid for any combinationof 
supply voltage, efficiency and drive power, by reading the 
power axis as power dissipated. The MTBF lines, because 
of the current dependence, have been constructed based 
upon the assumptions of 12.5-volt supply and 50%effi 
ciency, so that the power axis should be interpreted as 
output power. It is possible to use the MTBF set of lines 
at other conditions. Enter the graphs by reading the 
power output parameter as power dissipated, and find the 
MTBF, then scale the MTBF by the ratio square of 
the n = 50% current to the actual current. 


MTBF = MTBF (from graph)y/l@1gS0%Y 
y Iactual 
I 
(8) 


TABLE 2 - Material Dependent Parameters 


Material 
B 
<J> 


Large Crystal Glassed Al 
(Ref. 5) 
8.5 X 10~10 
1.2 


AI-2%Cu Alloy 


(Ref. 6) 
7.9 X 10"17 
0.6 


FIGURE 14 - Metal Migration - 
MTBF 
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FIGURE IS - 
Metal Migration - MTBF 
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FIGURE 16 - 
Metal Migration - 
MTBF 
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FIGURE 17 — Geometry Code to Standard Part Cross-Reference 


Geometry 
Code 
12.5 
28 
50 
Vcc W)1 


Al 
Al 
Au 
Al 
Metal 
] 


1KF 
MRF421 
MRF422 
MRF428A 


5NN 
MRF243 
MRF4S3/A 


MRF455/A 


MRF460 


MRF316 


9NL 
MRF245 


MRF454/A 


MRF463 
MRF464/A 


MRF317 


6TH 
MRF648 
MRF327 


MRF328 


To Scale Metal Migration MTBF 
From 12.5 V to Other Operating Voltages 


Keeping Pd and n constant, then the current for 28 V 
operation compared with that 
for 12.5 V operation 
is given by: 


112.5 X 12.5 = 128X28 


112.5 _ 28 
128 
12.5 


From Black's^ equation: 


MTBF a4; 
12 


For like geometries, the ratio of the MTBF at 28 V to 
the MTBF at 12.5 Vis: 


•50 
2 
MTBF28 =MTBF 12.5 X-j^ 


MTBF28 =MTBFi2.5X5.02 


Similarly, for 50 V operation: 


MTBF50=MTBFi2.5X16. 


Conclusion 
We have discussed the elements of thermal resistance 
and metal migration lifetime with particular attention 
paid to their variation with temperature as functions 
of power dissipation and ambient temperature. 
Graphical presentations of the results are included 
which should be useful to the device user who is interested 
in better reliability in his application. 
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This note discusses the design of 35-W and 75-W VHF linear 
amplifiers. The construction technique features printed induc 
tors, the design theory of which is fully described. Complete 
constructional details, including a printed circuit layout, facilitate 
easy reproduction of the amplifiers. 


characteristics for SSB operation. 
A higher power version with the same board layout is 
concentrated around the MRF247. although this results 
in some compromise in the impedance matching. 
A carrier operated T/R switch (COR) is incorporated, 
allowing applications such 
as a booster amplifier for 


hand-held and mobile radios. 
Both designs are biased class AB for linear operation, 
but are suitable for FM operation as well. Figure l shows 
the two amplifiers. 


Solid-state VHF amplifier design can be simplified by 
employing printed or etched lines for impedance match 
ing. The lines, having a distant ground-plane reference 
and high Z0, can be treated as lumped constant induc 
tors, and make design and duplication easier than with 


wire-wound inductors. 
An example is an optimized 35-W amplifier wliich 
yields over IO dB of power gain across the 2-meter 
amateur band. It employs an inexpensive, non-internally 
matched transistor, the MRF240, which has good linear 


FIGURE 1 - 35-watt and 75-watt Engineering Models 
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GENERAL 
VHF solid state amplifier design is almost exclusively 
done with 
lumped constant LC matching networks. 
Broadband transformer matching is feasible when ex 
tremely wide bandwidths are required. Transmission lines 
for impedance transformation usually require quarter- 
wave electrical lengths and make designs bulky at VHF 
unless materials with high dielectric constant are used. 
Transmission lines can be realized with coaxial cable or 
printed lines (strip-lines) on a circuit board with a con 
tinuous ground plane, separated by a suitable dielectric 
material. The printed airlines discussed here are, in fact, 
high characteristic impedance transmission lines which, 
for the purposes of design calculation, are treated as 
inductors; therefore the quality of the board material is 
less critical. The printed airlines also have the advantage 
of repeatability and easy access for designing multi 
element networks. The network calculations can be done 
in the same manner as if lumped-constant, round-wire 
inductors were used. 
Input and output impedance matching in transistor 
amplifiers is required to transform the source impedance 
(usually 50 ohms) to the low complex input impedance 
of the device. The output load impedance, which is a 
function of the supply voltage and power level, must 
also be matched to a 50-ohm load except in multistage 
driver designs. 
At VHF, the input and output impedances of a power 
transistor are both usually inductive in reactance (desig 
nated as +JX in data sheets), becoming capacitive (-JX) 
at lower frequencies. For transistors such as MRF240, 
2N6084 and 2N5591, the crossover 
point is around 
100 MHz. This is determined by the transistor die size, 
geometry and package type, and smaller devices can be 
capacitive up to UHF frequencies. 
Since the bandwidth required here is only a fraction 
of an octave, (140-150 MHz) the impedance matching 
can be adequately done with two section networks. In 
Figure 2, Xi, which represents the +J input of the 
MRF240 transistor is not part of the external input 
matching network. Ci and Cg are dc blockingcapacitors 
with measured parasitic inductances of close to 12 nH at 
the center frequency when the lead lengths are 0.1 inch. 


These inductances, as well as the relay inductance, are 
addedto the values of L\ and L5. 
If the relay were used in a 50-ohm system, it would 
result in 0.3 dB power loss due to impedance mismatch 
and losses. This can be minimized if the relay inductance 
is used as part of a resonant circuit, but the series in 
ductance (37 nH per contact pair) obviously places an 
upper frequency limit. 
The simplest approach to matching network design is 
with a purely resistive source and load. This can be 
accomplished by compensating the +J with an equal 
amount of capacitance (-J). C3 and C4 are used to 
accomplish the compensation in Figure 2. This is not 
always practical, however, especially when maximum 
bandwidths are required. In this case, only part of the 
inductive component may be cancelled, leaving the base 
and collector still inductively reactive. In either case, it 
may be considered that part of the impedance-matching 
occurs within the device package itself; this is more 
obvious with internally matched devices, which are dis 
cussed later. 


35-W LINEAR AMPLIFIER 
The MRF240 was chosen for this application due to 
its ruggedness against load mismatch and inherently high 
power gain for a non-internally matched device. The 
transistor is rated for an output power of 40 W and 
a power gain of 8 dB at 175 MHz. A typical power gain 
at 145 MHz is 10 to 11 dB. At this frequency the input 
and output impedances of the MRF240 are 0.6 +J 0.8 
ohmsand 2.0 +J 0.1 ohmsrespectively (Pout = 35 W). 
Before designing the matching networks, the values 
of C3and C4must be established to cancelthe inductive 
reactance components at the base and the collector. For 
the input, the series numbers 0.6 +J 0.8 must be con 
verted to parallel equivalent values, either by using a 
Smith chart or equations in references 3 and 4. The re 
sulting equivalentvalues are: Rp = 1.67 ohms, Xp= 1.25 
ohms or 880 pF. 
All capacitors have a series inductive reactance com 
ponent, normally called parasitic inductance. It could be 
only a fraction of a microhenry, but at VHF its effect is 
large enough to be taken into consideration. The para- 


FIGURE 2 - Impedance Matching Network for 35 watt VHF Amplifier 
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sitic inductance results in an increased effective value 
of capacitance, and is frequency and impedance-level 
dependent. 
The unencapsulated mica capacitors, widely used in 
VHF power applications, range from 1 to 2 nH in para 
sitic inductance for a single plate type, (up to 360 to 
390 pF nominal values) depending on the mounting 
technique. Assuming a parasitic inductance of 1.5 nH, 
the equivalent low-frequency value can be calculated 
with Equation 1 as: 


LEquiv = , + r(2ffQJ LCJ 10"9 


where C =effective capacitance requiredin pF 
L = parasitic inductance in nH 
f= frequency in MHz 


Substituting the values in equation (1): 


880 
CB<1U1V 
1+[(910)2 X 1.5X880] 107 =420pF 


(1) 


Thus, for the required 880 pF, a capacitor of this 
type with equivalent low-frequency value of 420 pF, or 
the closest standard (390 pF), should be used. 
Similarly, converting the output impedance (2.0 +J 
0.1 ohms) to parallel form, Rp = 2.01 ohms and Xp = 
+J 26.8 ohms.The Xq represents acapacitance value of 
47 pF for C4 (from Equation 2), or a 43 pF nominal 
value. 


C = 
1 \ 
10e 
xc 
27Tf, 


(2) 


where Xq =capacitive reactance in ohms 
C =capacitancein pF 
f = frequency in MHz 


This high reactance in parallel with the low collector 
impedance had no noticeableeffect and wascompletely 
omitted in later functional tests of the unit. It would be 
easy to see from a Smith chart that the resistive com 
ponents of 1.67ohms and 2.01 ohms remainunchanged, 
and can be treated as a purely resistive load and source 
for the matching network calculations. 
At high frequencies the base-emitter impedance of 
the transistor die itself is always lower than the collector 
output impedance. With 
power devices, both can be 
only a fraction of an ohm. The input impedance is in 
creased by the baseandemitter bondingwireandpackage 
lead frame inductances, which are effectively in series 
with the transistor base (Figure 2, X] and X2). The 
collector has normally much less series inductance since 
it is attached directly to the packagebonding pad. 
From this it can be seen that part of the matching 
network is actuallybuilt into the transistor package, and 


it is obvious that the amplifier bandwidth cannot be 
accurately determined by calculating the Q values of the 
external matching networks. (Sec the discussion of a 
75-Wlinearamplifier.) 
As an approximation, the 3 dB bandwidth can be used 
to obtain a starting point. Assuming a 15 MHz band 
widthat ±1.5dB isdesired at 145MHzcenter frequency, 
a loaded Q of approximately 9 is required. For sim 
plicity this number is applied to both input and output 
network design. 
In Figure 2, X] and X2 represent the inductive im 
pedance component of the transistorand are shown only 
to give an idea of the transistor internal structure. The 
values of Lj, L2 and C2 can be obtained from the 
Appendix, or calculated by using Equation 3: 


XLi = RSB 


XL2 = RlQ 


A 
XC->= Q + B 


A=RL(1+Q2) 


B 
Rs 
where 
Rg =source impedance 


Rj_= loadimpedance 


ForQ = 9: 


XLi = RSB =50 X 1.32=66 ohms 


XL2 = RLQ = 1.67X9 = 15ohms 


XC2= 0TB =9TT32 =,33°hmS 


A= 1.67(1 +92)= 137 


b=n/^t=1-32 


where 
Rg=50 ohms, Rj_ = 1.67ohms 


where 
XL = inductive reactance in ohms 


L = inductance in nH 


f = frequency in MHz 


we have from Equations 3 and 4: 


L. =73nH 


L2= 16 nH 


C-> = 82 pF 


(3) 


(4) 
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Subtracting the relay inductance (37 nH) and the 
parasiticinductance of the blockingcapacitor Ci (12 nH) 
from the totalvalue of Lj, Lj' =24nH. This means the 
total printed line inductance must beLj' + L2 =24+16 


= 40nH. 
Calculating the values of the output network in a 
similar manner, the values for L4, L5 and C5 are ob 
tained as 20 nH,83 nH and70pF, respectively, and L5' 
becomes 34 nH. 
The capacitors employed for C2 and C5 are of the 
same unencapsulated mica type as C3, but smaller in 
size, and their parasitic inductance is only about 1 nH. 
The equivalent values for C2 and C5 would then be 
77 pF and 66 pF according to Equation 1. These are 
nonstandard values, and considering a 5% tolerance, a 
68 pF marked value can be used for both. 
Inductors Li, L2, L4and L5arecomprised of etched 
lines on the circuit board. To determine their widths 
and lengths, the inductance of each line per unit length 
must be established. From the tables in the Reference 
section, it can be extrapolated that the inductance of 
#25 round wire is 24 nH per inch and #26 wire nearly 
26 nH per inch. When a ground plane is 0.15 inch below, 
which in this case is the heat sink, and the side grounds 
are off an equal distance, the inductance is about one- 
half of this, which has been verified by measurement. 
If the circuit board is made of 1-ounce, copper-clad 
material, (one ounce of copper per one square foot) the 
copper thickness is 1.4 mils. With a one mil solder 
plating, the total thickness is 2.4 mils, and a 100-mil-wide 
strip would be equivalent to a #26 round wire having a 
240 square mil cross sectional area. Similarly, a 130-mil- 
wide strip would be equivalent to a #25 round wire with 
312 square mil area. A wider line would have lower 
losses but would also be physically longer for a given 
inductance. As a compromise, a narrow line was used for 
the input in this design, and a wider line for the output, 
where the losses due to the high RF currents are more 
evident. Bends in the line have a minimal effect to the 
inductance compared to the presence of the ground 
plane. 
From the above, the resulting inductances for the 
100 mil and 130 mil lines are 13 nH per inch and 12 nH 


per inch, respectively. This means that for Lj + L2 a 
total length of 3.1 inches is required, and 4.4 inches for 
L4 + L5'. Then, for L2 = 16nH, C2should be located 
1.3 inches from the transistor base along the input line. 
For L4 - 20 nH, C5 should be 1.6 inches from the 
collector along the output line. The Power Output and 
Efficiency vs. Power Input of the 35-W amplifier is 
shown in Figure 3. 


FIGURE 3 - 
Power Input vs. Power Output and 


Collector Efficiency of 35-W Amplifier 
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75-W LINEAR AMPLIFIER 
The MRF247 employed in this design is a version of 
the well-known MRF245, which has been reprocessed to 
improve the linear characteristics. It is a much larger 
device than the MRF240, resulting in lower input and 
output impedances. However, it employs internal base 
matching with a built-in MOS capacitor to bring the 
base impedance up to a level where external low loss 
matching networks can be realized. 
In Figure 4 the dashed line encircles the specially 
designed T matching network, including the metal oxide 
capacitor X4. X], X2, and X3 represent the bonding 
wires whose inductances can be varied by controlling 
the loop heights. This network will be part of the total 
matching network designed to match the transistor to 
function in a practical circuit. 


FIGURE 4 — 75-Watt Amplifier Impedance Matching Network 
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Underside View of 75-W Amplifii 


The internal matching still leaves the input impedance 
inductively reactive. 
The MRF247 input impedance tinder forward biased 
conditions (100 mA) is 0.45 +J 0.85 ohms at 145 MHz. 
which translates to 2.06 +J 1.08 ohms in parallel form. 
A capacitive reactance of -J 1.08 ohms, converting to 
1018 pF is required for C3. The nominal value equiva 
lent value, using Equation 1.isobtained as450 pF. 
Since the remaining resistive component of the base 
impedance(2.06 ohms) is only slightly higher than that 
of the MRF240. only minor changesin the input match 
ing network are necessary. When Lj + Lt is fixed, and 
only their ratio can be varied, the resulting Q will be 
lower for Ihe increased R^. If only L] + L-> is known, 
the 0 can be calculated with liquation 5 as: 


[4XT2 +(RS2/RL+XT2/RL- RS)4CRS- Rl)]*-2Xt 
2(RS-RL) 


(5) 


where 


XT=XL, + XLi <>r XL4+ XL5 


Rg = source impedance 


R[_= load impedance 


Therefore, 


7126244 +0214+ 3185-50)(I92)| - 162 
95.88 
Q=928-162 
w 
95.88 
' 


Q = 8 


where 


XT= XL) +XL2 = 81 ohms 


RS = 50 ohms 


RL = 2.06 ohms 


Reverse for output 
network calculations 


Then, with Equations I, 2, 3 and 4, the values for Li, 
Li and C2 canbecalculated as: L| = 71 nH,L2= 18nil, 
C2 = 63 pF (56 pF neareststandard). The positionof Ct 
will be approximately 1.6 inches from the transistor base. 
(See line inductance calculations in the discussion for 
the 35-watt amplifier.) 
The measured output impedance of MRF247 is 0.65 
+J 0.45 ohms, which is much lower and more reactive 
than the values shown for MRF240. The output match 
ing must also be done with the existing total line in 
ductance. (L4 + L5) and it can be expected that a higher 
factor of compromise in the output matching is evident 
regarding the network bandwidth. 
The above impedance numbers convert to 0.96 ohms 
resistive and -J 1.39 ohms reactive in parallel form. Since 
-J 1.39ohms = 790 pF, a nominal valueof 400 pF (C4) 
is required at the collector. To find the Q: 


XT=94ohms(XL4 + XL5) 


Rg =0.96 ohms 


R| =50 ohms 


Then: 


0= 13.7 (Eq. 5). and: 


L4= 13 ohms = 14 11H 


L5 =81 ohms-89 nH 


C5= 11.8ohms= 93 pF 


A practical value of 82-91 pF can be used for C5. 
and it should be located 1.1 inches along the output line 
from the collector, to give the above inductance values 
for L4and L5. 
Although the output 0 is higher than the value calcu 
lated earlier for the 40 W unit, the total bandwidth of 
this version is increased as shown in Figure 7. The input 
matching network is usually dominant in determining 
the total bandwidth since the impedance transformation 
required is greater than the output requires, although the 
output circuit also has secondary effect. The internal 
matching elements of the device further make the total 
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effective Q even lower than the calculated value, which 
in this case was 8. The higher output Q usually results in 
higher collector efficiency and better harmonic suppres 
sion, but at the same time the circulating RF currents 
will increase, 
resulting in higher overall circuit losses 
which is especially noticeable at increased power levels. 
These factors are difficult to determine without know 
ing all the internal transistor parameters. 


FIGURE 5 — Power Input vs. Power Output and 
Collector Efficiency of 75-W Amplifier 
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CLASS AB BIASING AND 
OTHER CONSIDERATIONS 
The biasing system, as seen in Figure 6, uses a forward 


biased transistor, Q2, to provide a voltage source of 0.6 
to 0.7 volts. When the collector is connected to the base, 
a second current path is formed, decreasing the base 
current according to the hpp, and thus lowering the 
voltage drop across the base-emitter junction. In this 
manner the voltage drop can be adjusted by selecting 
the appropriate hpp for Q2. For the 2N5190 serieshpp 
is typically in the range of 80-100, although the mini 
mum spec is 20-25. 
Typical hpp's for the MRF240 and MRF247 are 
50-60, and the worst case collector currents around 4A 
and 9A respectively. The minimum base currents re 
quired,lp(Q2) are 80 mAand 180mA(Ic/hpp). 


*2 
vCc-vBe(Q2) = 160 ohms and 75 ohms. 
l£(Q2) 
The bias, which should not exceed 50 mA for MRF240 
and 150 mA for MRF247, can be further adjusted by 
varying the value of R2,but the minimum lp(Q2) should 
be maintained. 
It should be noted that since Q2 is attached to the 
heat sink for temperature tracking purposes, its collector 
must be electrically isolated from the ground. The ano- 
dized surface of the heat sink is normally sufficient, or a 
separate insulating washer can be employed. 
The 0.3 
dB relay insertion loss mentioned earlier 
amounts to a VSWR of 1.7:1. However, the reflected 
power is only 0.2% (VSWR = 1.1:1) in a straight-through 
mode (receive), indicating that most of the relay losses 


are due to contact resistance and the dielectric insula- 


I 
Output 


PARTS LIST 
C1, Cg, C13 —IOOO pF, 300 V dipped mica 
C2 - 56 pF or 68 pF •, see text 
C3, C4 - 390 pF or 470 pF **, too text 
C5 - 68 pF or 91 pF 
♦, tee text 
Cj —IOOO pF ceramicchip or small dice 
Cg —.01 til ceramic disc 
Cg —.1 fJfceramic disc 
C,0 - 220 p.1/6V tantalum 
C, j - 3 pF dipped mica 
C., - IOfif/25 V tantalum 
Ft, —10 ohms/% W carbon 
R2 - 120 to 200 ohms/3 W 
R3 - 3.3K/V. W carbon 
Q, —see toxt 
Q2 -2N5190 
Q3 - 2N4401 
D, - 1N914 or 1N4148 
D2 - 1N4001 
L,. L2. L4. L5 - see toxt 
L- - 
12T AWG #16 enameled wiro, 
3 
'A" I.D. 
l_6 - 10 ph. molded choko 
L, — .33—1.0 Mh, molded choke 


RL - 
Arrow/ M, NF2-12 or squivalent- 
•OMRON, LZN2-UA-OC12 
or equivalent 
Elecromotive Corp. (ELMENCO) 
Lautor Avenuo 
' 
Florence, S.C. 29501 


•TypeMCMOI/010 
•Typo EMJ10 
Standox Electronics 
P.O. Box 67 
Casey, III. 62420 


• Typo 3HS0006 
•Type J-101 
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tion resistance, rather than impedance mismatch. 
Both amplifier designsmay be employed in FM appli 
cations without modification. The bias networks may be 
omitted and Lg connected to ground, which modifies 
the operation to ClassC. The increasedinput impedance 
of the device operating class C results in increased input 
VSWR, but it will still remain less than 1.5:1 
for the 
145-150 MHz band. 


FIGURE 7 - 
IMD vs. Power Output 
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FIGURE 8 — Power Gain and VSWR vs. Frequency 
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The two amplifiers may be connected in cascade to 
provide a total power gain of around 20 dB; however, 
an attenuator of 4 to 6 dB is required between the two 
units to prevent overdrive of the MRF247. Since 10 to 
20 watts will be dissipated in the attenuator, it cannot 
be built from discrete resistors. Most convenient, size 
and costwise, are the thin film attenuators such as those 
manufactured by Pyrofilm. 
The COR circuit requires 400 to 500 mW for the 
relay to switch. At this drive level, without the attenu 
ator, the second amplifier would already produce full 
power output. 
The COR (Figure 5) incorporates one ofthe standard 
circuits popular with mobile add-on amplifiers. Part of 
the RF input signalis being rectified by Di. The dc turns 
on Q3 which activates the relay. L7 and R3 provide the 
bias for Dj and Q3, and D2 suppresses inductive tran 
sients produced by the relay coil inductance. A time 
constant for SSB operation is providedby C12, whose 
value can be changed according to individual require 
ments. For FM this capacitor can also be omitted along 
with the bias network. 
The repeatability of these amplifiers has been proven 
by constructing more than half a dozen units. Capacitors 
C2 and C5 were simply located within the marked areas 
on the circuit board (see Figure 9 and the photograph). 
On these capacitors, 20% tolerances can be allowed, but 
this may result in adjustments of each individual unit 
for optimum performance. 
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FIGURE 9 - Component Layout Diagram of 35W and 75W Amplifiers 
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FIGURE 10 - Printed Circuit Board Layout 


NOTE: The Printed Circuit Board shown is 75% of the original. 


APPENDDC 


This information was originallypublished in Motorola 
Application Note AN-267, "MatchingNetwork Designs with ComputerSolutions.' 


NETWORK D 


The following is a computer solution for an RF "Tee" 
matching network. 
Tuning is accomplished by using a variable capacitor 


for C|. Variable matchingmay alsobe accomplished by 
increasing Xjjj and adding an equal amount of Xq in 
seriesin the form ofa variablecapacitor. 


* 


Device to 
bo Matchod 


(Sao Step 3) 


TO DESIGN A NETWORK USING THE TABLES 


1. 
DefineQ, in column one, asXli/Rj. 


2. 
For an R] to be matched and a desired Q, read the 
reactances of the network components from the 


charts. 
3. 
Xlj' isequal to the quantity X|j obtained from 
the tables plus |Xp 
|. 
^-out 
4. 
This completes the network. 
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"A 15-WATT AM AIRCRAFT TRANSMITTER POWER 
AMPLIFIER USING LOW-COST PLASTIC TRANSISTORS" 


Prepared by 


Dave Hollander 


INTRODUCTION 
This application note describes a 15 watt carrier power, 
amplitude modulated broadband amplifier covering the 
118-136 MHz AM aircraft band. Simplicity and low cost 
arc emphasized in this design through 'he 
use of 
Motorola's common emitter TO-220 VHF power tran 
sistors. The power amplifier is designed to operate from 
13.5 VDC. High level AM modulation is accomplished by 
a series modulator operating from a 27 volt supply. 


CIRCUIT DESCRIPTION 
The transmitter power amplifier has three stages using 
an MRF340 transistor as a pre-driver, a MRF342 as a 
driver, and a MRF344 as the final amplifier. All three 
devices arc common emitter where the mounting tab is 
the emitter. The 
pre-driver 
stage is forward biased to 
enhance linearity and dynamic range. Amplitude modula 
tion is applied fully to all three stages. 
The P.A. is designed to operate with 50 ohm source and 
load impedances. 


DESIGN CONSIDERATIONS 
The design objectives are that the transmitter must be 
capable of operating over the range of 118 to 136 MHz 
with a minimum carrier output power of 15 watts. It must 
also be capable of being amplitude modulated greater than 
+85% over 
the 
frequency 
range, and 
the 
transmitter 
should be free from instability. 
Other important considerations involve the interstage 
and 
the output networks. The output network is to 
operate efficiently at both the carrier power of 15 watts 
and the peak power of 60 watts while providing harmonic 
suppression. 
The interstage networks transform the out 
put impedance of the device to the input impedance of 


FIGURE 1 - Modulated Output Waveform of Powor Amplifier 


*0<k¥ 
>100pS 
i A r 


I-136MHJ 
Pcarrior = 15 Wotts (2 cms) 


% Upward Modulation » 90% 


the following device during modulation of all three stages. 
In designing Ihe networks, the Smith Chart is used to 
obtain initial values. These values were (hen optimized 
using a computer aided design program. 
Figure 2 shows a schematic diagram of the transmitter 
P.A. RF circuitry. 
The pre-driver stage uses a simple tt-section input 
matching network. Forward bias for this stage is obtained 
through the network consisting of Rj, R->. R-5, Dj.and is 
applied 
to 
Qi 
through 
Lt. The 
quiescent current is 
approximately 20mafor theMRF340. 
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FIGURE 2 — Schematic Diagram 
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C20 
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R2 
ll 
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t—r 
C23 
-T>C24 
'p.cza *p 
JC25 -~C7 


All Capacitors<! SOOpF 
are Dipped Mica 


C1 
- 
200 pF 
C2. C3 - 47 pF 
C4, C5. C9, C23 - 
.001 Disc Ceramic 
C6. C16-39pF 
C7 - 68 pF 
C8, C12 - 
200 pF UNELCO 
C10-62pF 
C11 - 
43 pF 
C13-80pF UNELCO 
C14-56pF 
C15-7SpF 
C17-10PF 
CIS-300 pF 


C19, C21, C26 - 
1uf/50V 
C20, C22, C2S - 680 pF Food through 
C24 - 
0.1 pi 
01 - 
IN4002 
All inductors other than molded chokes 
are wound with #18 AWG 1/8" IO 


L1 -3T 
L2, L5, L8 - 
.15 pH molded choko 
with ferrite bead 
L3 -7T 
L4. L7. Ll 2 - .18 pH molded choko 
L6, L10-4T 
L9 — piece of wiro — 3/4" long 


Ll 1 - 
7T 
Rl -820ft 1/4 W 
R2 -3911 1/4 W 
R3 -82fi 1/4 W 
Tl — 9:1 Unbalanced to unbalanced XFMR 
#24 AWG 12 crests 
per inch 3.5" long 
0.1 - 
MRF340 
Q2 - 
MRF342 
Q3 - 
MRF344 


The interstage between Qj and Q2 is designed as fol 
lows. The effective collector load impedance is estimated 
to be 100-jSO ohms. The input impedance, Zjjvj, of the 
MRF 342 is 1.75+J2ohms at 136 MHz (as taken from the 
data sheet). One way to match the output of the MRF340 
to the input of the MRF342 with a minimum of compo 
nents is through the use ofa 9:1 transformer (1,2). Figure 
3 shows a Smith Chart plot of the interstage network with 
the chart normalized to SOohms. Starting at point A, this 
impedanceis rotated to point B by a shunt capacitor Cg. 
The impedance at this point is approximately 5 to 5.5 
ohms. A 9:1 transformer transforms this impedance to 
approximately 50 ohms. Point C, the 50 ohm point, is 
rotated to D by series capacitor Cg. Point D is then 
rotated to point E, the complex conjugate of the output 
impedanceof Qj, by shunt inductor L3. 


A different approach is used for the Q2 - Q3 interstage 
network. The MRF342 output impedance ZrjL. and 'he 
MRF344 input impedance Zijsj, are taken from the data 
sheets. Figure 4 shows a Smith Chart plot of this network 
with the chart normalized to 
50 ohms. Point A is the 
input impedance of the MRF344. This impedance is 
rotated to the real axis by shunt capacitors - C12 and 
C13. Point B is then rotated to point C by seriescapaci 


tors - C10 and Cjj. This impedance is then transformed 
to the complex conjugate of the output impedance of the 
MRF342 by shunt inductor Lg. 


The MRF344 output matching network consists of a 
shunt inductor at the collector of Q3 followed by two 
L-sections. L-sections were used because they provide ex 
cellent harmonic suppression and good efficiency over the 
entire band. Figure 5 shows a Smith Chart of the output 
network, with the chart normalized to 50 ohms. 


All impedance matching element values calculated using 
the Smith Chart and optimized with the computer pro 
gram were used as starting points in building the net 
works. The final component values shown in Figure 2 
were derived through on-the-bench tuning and adjustment 
and differ 
from the calculated values as the Figure 2 
values cover 118-136 MHz. The calculated values are only 


for 136 MHz. 


Since low cost is a key factor in the use of the TO-220 
devices, inexpensive components are used wherever ap 
plicable. Molded chokes, dipped mica and dipped ceramic 
capacitors are used throughout the circuit. One of the 
problems encountered when using dipped micas at VHF is 
their series lead inductance. The higher capacitance values 
approach 
resonance 
at VHF. 
Selected values were 
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measured on an IIP network analyzer at 125 Mllz. The 
results are shown in Table 1. 


Cnominal (PF) 
Cmeasured (PF) 


5 
5 


10 
10 


25 
26 


30 
33 
39 
45 


50 
64 


75 
106 


100 
161 
200 
750 


Note: All lead lengths kept to an absolute minimum 
(<0.1inch) 


The data obtained shows that values below 75pf are 
usable. Lead length should be kept to a minimum when 
using 
both 
the 
dipped 
mica 
and 
the 
disc 
ceramic 
capacitors. UNELCO capacitors are used in place of the 
dipped micas at the base of Q2 and Q3, since the net 
required capacitance and base current is very high. 


CONSTRUCTION TECHNIQUES 
The amplifier is assembled on a 2" X 5" double sided 
printed circuit board. Board material is G-10 with a thick 
ness of 0.062". AIM photomaster of the top side of the 
board is shown in Figure 6. Eyelets are placed through the 
board at points marked by the letter "O". The eyelets are 
soldered to both sides of the PCB to connect the top 
ground 
to 
the bottom side ground 
return. Feed-thru 
capacitors are mounted on the DC feed bar which is made 
of G-10 PCB. A 1:1 photomaster of the feedbar is also 
shown in Figure 6. Eyelets are placed at points marked by 
an "O" and feed-thru capacitors arc placed at points 
marked by an "X". The DC feedbar is soldered to the 
main board. The location of the critical components is 
shown in Figure 7. Construction details of the 9:1 imped 
ance transformer are shown in Figure 8. (1,2) 
For reliable operation, the transistors must not only be 
heatsunk, but they must also be mounted properly for 
emitter RF ground return. Figure 9 shows mounting de 
tails for the TO-220 package. More detailed information 
on mounting is available in AN-778.(3) The entire as 
sembly is mounted on a 6" extruded aluminum heatsink 
using 440 X Vi machine screws. The heatsink surface 
should be fiat and free of burrs, particularly around the 
transistor mounting holes. 


FIGURE 3 - MRF340 - MRF342 Interstage Notwork 


Values Calculated at f - 136 MHz 
C6- 19 pF 
C8 - 350 pF 
L3 - 
84 nh 


MRF340 ZOL • 100 - |50 
MRF342 ZIN = 1.75* |2 
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FIGURE 4 - 
MRF342-MRF344 Interstage Network 


FIGURE 5 - MRF344 Output Notwork 


i£L~ £ 


Values Calculated at f • 
136 MHz 


C10 + C11 - 
130 pF 
C12 + CI3 - 
365 pF 
L6 - 
15 nh 


MRF342ZOL = 17-J4.7 
MRF344 ZIN - 1.25 + J2.8G 


Calculated Value*at f " 136 MHz 


C14 • C15- 100 pF 
C16 * C17 = 23 pF 
L9 
11 nh 
L10- 28nh 
L11 - 
90 nh 


MRF344 ZOL - 4.2-J0.32 
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FIGURE 6- Photomaster 


NOTE: The Printed Circuit Board shown is 75% of the original 


FIGURE 7 - 
Location ol Critical Components 
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FIGURE 8 — Construction Details of the 9:1 Unbalanced to Unbalanced Transformer 


The transformer is wound with #24 AWQ. Three different 
colors are used — red, green and blue. 


Cut 3 lengths of wire 


(D- 
0- 


-(?) Red 


-Y5) Green 
-(?) Blue 


FIGURE 9 — Mounting Details for TO-220 Package 


a) 
Proforred Arrangement 
for Non-isolated 
Mounting Screw Is at Semi 
conductor Case Potontial. 
4-40 Hardware is used. 


4-40 Machine Screw 


/ I 


Semiconductor 


Heatsink is tapped 
for a 4-40 Scrow 
Sink 
' 


Twist wires together — approximately 12 turns per inch 


Transformer Connections 


AL 


FIGURE 10 — Amplitude Modulation Waveforms 


Wavoshapo of 
Modulating Voltage 


Modulatod 50% 


Wavoshapo of 
Modulating Voltago 


Modulatod 100% 
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MODULATION 
In an amplitude modulated waveform the amplitude of 
each cycle 
of the modulated wave varies in accordance 
with the modulating signal. Using voice modulation, the 
resultant waveform is not only complex, but difficult to 
analyze. Therefore, when testing and analyzing the trans 
mitter P.A., a simple 1 KHz sine wave is used as the modu 
lating signal.Whenanalyzing an AMwaveform, one of the 
things to consider is the modulation factor (M). M is 
usually expressed as percent modulation and is calculated 


as follows: 


sidebands is dependent upon the percentage of modula 
tion. At 100% modulation, the total power contained in 
the sidebands is one-half the carrier power or one-fourth 
in each sideband. For modulation levels of less than 100%, 
the total power is: 


PSB=^m2pC 


where m = modulation factor 
Pc = carrier power 


Collector modulation is a commonly used method for 
modulating a solid state transmitter. Using this method, 
the modulatingvoltage is applied to a collector througha 
transformer. The secondary winding of the transformer 
must be capable of handling the DC current required by 
the transistor and have low DC resistance, so as not to 
cause a significant voltage drop. The voltage drop will 
reduce the voltage applied to the collector of the stage 
being modulated. 
Another 
form of collector modulation 
uses a series 
modulator. This type of modulator is used to evaluatethe 
transmitter in this application note/4)a series modulator 
uses audio power transistors instead of a transformer 
secondary. A schematic diagram of the seriesmodulator is 
shown in Figure 11. 27 volts is applied to the modulator 
and the quiescent DC voltageapplied to the transmitter is 
set by the lOKfi potentiometer. 


M 
Emax — Emin 
Emax + Emin 
X 100% 


Figure 10 shows amplitude modulation waveforms. 


The above formula is valid only when the modulation 
process is symmetrical and little distortion is present. If 
significant assymmetry is present then up modulation and 
down modulation must be analyzed separately. 


M 
Emax - Ec 
Ec 
X 100% For positivepeak modulation 


M = Ec - 
Emin 
Ec 
X 100% For negative peak modulation 


When a carrier is modulated by a pure sine wave, two 
sidebands are generated at the carrier frequency plus and 
minus the modulating frequency. The power level of the 
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FIGURE 11 - 
Series Modulator 
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Table 2 — Portomunce of the 15 Witt Amplifier 


118 MHz 
127 MHz 
136 MHz 


Pj„ ImWI 
14.0 
15.0 
18.0 


Pcarrier (Wl 
15.0 
15.0 
15.0 


Total Current IAdc) 
2.2 
2.0 
2.5 


Power Supply Voltage (Vdc) 
13.5 
13.5 
13.5 


Upward Modulation 1%) 
89.0 
SS.O 
90.0 


Harmonic Rejection IdBI (Relative to Peak Power) 


2f 
3f 
55.0 
58.0 
55.0 
58.0 
52.0 
57.0 


Load Mismatch 
Capable of Operating into 3:1 Load VSWR. 


OUTPUT POWER VERSUS SUPPLY VOLTAGE 


1 
1 
1 
• 
136 M Hi 


P ln" 18 mW 


0 
3 
5 
7 
9 
11 
13 
IS 
17 
19 
21 
23 
25 


Vcc Supply Voltes* (Volts) 


Pout is initially set at tho carrier power of 
15 watts at 13.5 Vdc, then tho supply 
votlage is varied from 0 to 27 Vdc keeping 
Pjn constant. This demonstrates tho peak 
power output capability of the transmitter P.A. 


FIGURE 12 — Block Diagram of Swept Set-Up for Tuning Up the Transmitter 


- 


Pwr. Supply 
and 
Modulator 


Power 
Motor 


t 


Wave to k 
MHW590 
Modulo 
Transmitter 
P.A. 
Directional 
Coupler 
40 dB 
Attenuator 


Spectrum 
Analyzer 


Oscilloscope 
Ootoctor 


TEST SET-UP 
When adjusting a broadband RF power amplifier,it is 
advantageous to have a swept test station. Usinga swept 
set-up, one can observethe following: 


1) The effect of varyingindividual component values 
2) 
Bandwidth 
3) 
Instability 
4) 
Input VSWRbandwidth. 


A Wavetek 1002 Sweep Generator driving a Motorola 
MHW590 
module 
is recommended 
as 
a drive source. 
Figure 12 showsa blockdiagram of thesweptset-upused 
to test and evaluate the amplifier. 
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POWER MOSFETs 
versus 
BIPOLAR TRANSISTORS 


Prepared by 
Helge O. Granberg 
Sr. Staff Engineer 


What is better, if anything, with the power FETs if 
we can get a bipolar transistor with an equal power 
rating for less than half the price? 
Several manufacturers have recently introduced 
power FETs for RF amplifier applications. Devices 
with 100 W output capabilities are available for VHF 
frequencies and smaller units are made forUHF opera 
tion. All are enhancement mode devices, which means 
that the gate must be biased with positive voltage (N 
channel) in respect to the source to "turn it on." Early 


designs were so called V-MOS FETs, wherethe channel 
is in a V-groove. The V-groove must be etched with a 
special process, and the silicon material must have a 
different crystal orientation from the material nor 
mally used for bipolartransistors. The difficulty ofthe 
etching process in production has led to the develop 
mentof othertypes ofchannel structures such as HEX 
and T, which are still vertical channel structures, but 
V-groove is eliminated, and the gate is on a straight 
surface. Thus, for an equal gate periphery, more room 


TABLE A 


Bipolar 
TMOS FET 


Zjn RS/ XS(30 MHz): 
0.65-J0.35 Ohms 
2.20 - J2.80 Ohms 
ZjnRS/XS(150MHz): 
0.40 + J1.50 Ohms 
0.65-J0.35 Ohms 


ZfjLd-oad Impedance): 
Almost equal in each case, depending on power level and supply voltage. 


Biasing: 
Not required, except for linear operation, 
. 
Some gate bias always required. Low 
high current voltage source necessary. 
current source, such as resistor divider 
sufficient. 


Ruggedness: 
Fails usually under current conditions. 
Failure modes: Gate punch through. 
Thermal runaway and secondary break 
exceeding of breakdown voltages, over 
down possible. 
dissipation. 


Linearity: 
Low order distortion depends on die size 
Low order distoriton worse than bipolar 
and geometry. High order IMD is a func 
for a given die size and geometry. High 
tion of type and value of ballast resistors. 
order IMD better due to lack of ballast 
resistors. 


Advantages: 
Wafer processing easier. Low collector- 
Input impedance more constant under 
emitter saturation voltage, which makes 
varying drive level. Lower high order 
devices for low voltage operation possible. 
IMD. Easier to broadband. Devices or die 
can be paralleled. High voltage devices 
easy to 
implement. 


Disadvantages: 
Low input impedance with high reactive 
Larger die required for comparable power 
component. Internal matching required to 
level. Nonrecoverable gate breakdown. 
lower Q. Input impedanee va ries with drive 
High drain — source saturation voltage. 
level. Devices or die cannot easily be 
which makes low voltage, high power 
paralled. 
devices less feasible. 
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on the surface is required. Japanese manufacturers 
seem to favor geometries with horizontal channels. 
They are similar to small signal MOSFETs with a 
number of them paralleled on one chip. This technique 
represents even more wasteful use of the die surface 
than HEX or TMOS. Typically a power FET requires 
50 to 100 percent more die area than a bipolar transis 
tor forequal power output performance. ForTMOS the 
number is about 50 percent. This is mainly due to the 
higher saturation voltage, butthe geometry also gives 
some 30 percent less gate periphery than available 
base area in bipolar. Since the price of a solid state 
device is a function of a die size, we get fewer watts per 
dollar. This is completely opposite from what the 
industry has been trying to do in the past years with 
bipolar transistors. So, one may ask: What is better, if 
anything, with the power FETs if we can get a bipolar 
transistor with an equal powerrating for less than half 
the price? This is where we come to the purpose of this 
article, which is to discuss the characteristics of the 
FET and bipolar device. Both have the same basic 
geometry, but with some mask changes, one was pro 
cessed as a MOSFET and the other as a bipolar. 


CIRCUIT CONFIGURATIONS 


Since the gate of a MOSFET device is essentially a 
capacitor, which consists of MOS capacitance distrib 
uted between the channel and the surface metaliza- 
tion, the input Q is normally extremely high. For this 
reason, the gate must be de-Q'ed with a shunt resis 
tance or applying negative feedback or a combination 
of the two. Unless this is done properly, the affect of 
feedback capacitance (Cr88) will result in conditions, 
where stable operation is impossible to achieve. 
Figure 1 shows a Smith Chart plot of a 150 W MOS 
FET and a bipolar device using the same basic geom 
etry for comparison purposes. The gate ofthe FET has 
been shunted by a resistance of 20 ohms. Without the 
shunt resistance the input impedance would be a pure 
capactive reactance, if package inductances are dis 
regarded. 
The input Q is an inverse function ofthe broadband- 
ability of a device. With the techniques mentioned 
above, the Q can be controlled to a large degree, but 
some power gain will be sacrificed, unless only some 
typeofselective negativefeedback is employed for that 
purpose. Amplifiers in the 100W power level, covering 
five octaves can be designed, and the limiting factor 
only seems to be the proper design of the broadband 
matching transformers. 
Due to the lack of base diode junctions inherent to 
bipolar devices, where the diode forward conductance 
depends on the drive level, the MOSFET gate imped 
ance varies onlyslightlywiththe inputvoltage ampli 
tude. The gate MOS capacitanceshould be more or less 
independent ofvoltage, depending on the die process 
ing. This is considered one of the advantages with 
FETs, especially regarding amplitude modulated 
applications, where a constantload forthedriver stage 
is important. Negative feedback should be limited, 
since ittends to deterioratethis characteristic. Another 
advantage is the AGC capability by varying the gate 
voltage. In common source configuration, depending 
on the initial power gain, etc., an AGC range of20 dB 
is achievable. 


FIGURE 1 - 
160 Watt MOSFET and 
Bipolar Comparison 


Common gate configuration has some advantages, 
although it is not useful in applications requiring lin 
earity.The load impedance is reflected back to the gate 
and in effect is in parallel with the source to ground 
impedance. The total inputimpedance is more constant 
with frequency than in common source mode, but 
varies greatly with output power level and supply volt 
age. As in a comparable configuration with bipolar 
transistors, the overall powergain is low, butthe unity 
gain frequency (fa) extends higher, which makes the 
common gate circuit attractive at UHF designs. It also 


Vds 
XUErQr 


FIGURE 2 — A Typical Common Source MOSFET 
Power Amplifier Circuit 


Out 
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has more tendency for parasitic oscillations, since the 
input and output are in the same phase. The de-Q'ing 
of the input can be done in the same manner as in a 
common source circuit, but negative feedback isnot as 
easy to implement. This circuit also exhibits greater 
power gain versus bias voltage variation characteris 
tics. In applications, where 40 dB to 50 dB AGC range 
is required, the common gate configuration should 
be considered. 
A common drain configuration represents the emit 
ter follower in bipolar circuits. In both cases the input 
impedance is high and the load impedance is effective 
ly in series with the input. The input capacitance, 
(drain-to-gate, or collector-to-base) is lower than in 
common source or common gate circuits, and several 
times lower for the FETthan bipolar for equal die size. 
This is due to lack of the diode junction. A MOSFET 
source follower can not be regarded as having current 
gain as the emitter follower. The amplification rather 
takes placethrough impedance transformation. Due to 
the fair amount of input de-Q'ing required, the avail 
able powergain is lower than in common sourcecircuit 
for example. Having less than unity voltage gain, the 
circuit exhibits exceptional stability, and negative 
feedback is not necessary, nor can it be easily imple 
mented. Push pull broadband circuits for a frequency 
range of 2 to 50 MHz have been designed for 200-300 
watt power levels. Their inherent characteristics are 
good linearity and gain flatness without any leveling 
networks. High powerSSB amplifiers are probably the 
mostsuitable application for common drain operation. 
The AGC range is comparable to that in common 
source, but higher voltage swing is required. It must be 
noted that the MOS devices used must have high gate 
rupture voltage, sinceduring the negative halfcycle of 
the input signal, the gate voltage approaches the level 
ofVDS- 


LINEARITY ASPECTS 


Some literature claims that MOS power FETs are 
inherently more linear than the bipolar transistors. 
This is only true up to the point where envelope distor 
tion, caused by saturation, instabilities or other 
reasons, is not present It is also a function of the bias 
current (IdQ)-The FETs usually require higher idling 
currents than the bipolars to get full advantage oftheir 
linearity. Bipolars are usually biased only to get the 
base-emitterdiode into forward conduction, whereafter 
increasing the bias helps little. ClassA isanexception, 
but the device must then be operated at 20-25 percent 
of the rated Class AB level. 
Probably the main advantage with the MOS power 
FETs is their greatly superior high order IM distortion 
performance. This is mainly due to the fact that bal 
lasting resistors are notrequired with FETs. In bipolar 
RF powertransistors, nonlinear feedback is distributed 
to each emittersite through the MOS capacitancefrom 
the collector. In devices using diffused silicon resistors, 
this effectis even worse, and caused by additional non 
linear diode capacitance between the collector and the 
emitters.The high orderIMD (9th and up) is actually in 


Bias 
_l t ^ErOx^05 
1 
m 
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FIGURE 3 — A Typical Common Gate MOSFET 
Power Amplifier Circuit 


Out 


i Bias 
zi_ _i_ TJ- ErEHtr»vDs 


»Out 


FIGURE 4 — A Typical Common Drain. Narrow 
Band MOSFET Power Amplifier Circuit 


direct relation to the ballasting resistor values, which 
mustbe optimized for an even powerdistribution along 
the die. Too low values would result in a fragile device, 
and the opposite would, in addition to the IMD prob 
lem, result in high collector-emittersaturation voltage 
and low power gain. 
The feedback capacitance, drain-to-gate or collector- 
to-base for example, also has a secondary effect in 
IMD. In both cases it is a function ofthe die geometry, 
and is usually lower with devices with higher figure of 
merit, such as the ones made for UHF and microwave 
applications. A MOS power FET exhibits some five 
times lower feedback capacitance than a bipolar tran 
sistor with a similar geometry. In a bipolar transistor 
this capacitance partly consists of the collector-base 
junction, which is highly nonlinear with voltage. This, 
together with the varying input impedance, generates 
internal feedback, which is nonlinear and produce 
high order IMD to some degree. A more noticeable 
effect is that the low order IMD goes up with reduced 
drive levels as shown in Figure 6. 
This can be related to different turn on characteris 
tics between the two device types. When a bipolar 
device is biased to Class AB, the bias does not usually, 
completely overcome the VbE knee. Thus, at lower 
signal levels, the remaining nonlinear portion covers a 
larger area of the total voltage swing. Increasing the 
bias from the normally recommended Class AB values 
will help and full Class A shouldeliminatethe problem 
completely. 
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FIGURE 5 —Two Tone Spectrographs of 300 W PEP. 50 V Amplifior Outputs 


a. using bipolar transistors and b. with TMOS power FETs. 500 mA ot bias current 
per device was used in each case. Doubling ihe bias current has a minimal effect in 
a. but b. the 
7th order products would 
be lowered by 10-12 dB. 


*N 
' 
, 


N 


• 


s 


. 
• 


-40 


—- 
— 
v "-- 
r„ 
/•" 


___^ 
"a 


^. --" 


> y 


y 


-50 
I 
0 
20 
40 
60 
80 
100 
120 
140 
160 


OUTPUT POWER (WATTS PEP) 


FIGURE 6 
— IM Distortion as a Function of Power 
Output. Solid Curves MOSFET. Dashed Curves 
Bipolar Transistor 


CLASS D/E APPLICATIONS 


Switching mode RF power amplifiers have only 
become feasible since the introduction of the power 
FET. Being a majority carrierdevice, the FET does not 
exhibit the storage time phenomena, that limits the 
switching speed of a bipolar. For a given device, the 
switching speed is mainly determined by the speed the 
gate capacitance can be charged and discharged. If the 
capacitance is in the order of several hundred pF, a 
smaller FET is required to provide the fast charge- 
discharge switch. For low power stages, bipolars can 
be used, since the storage time is mainly an inverse 
function of the f/]" and device size. The advantages of a 
Class D amplifier are high efficiency, linearity and 
ruggedness, since power is ideally dissipated only 
during the switching transitions. 
These amplifiers are readily applicable for FM mod 
ulation, after harmonic filtering. The analog gain 
is obtained by pulse-width modulation of the input 


switching signal, and demodulation of the output with 
suitable filters. Linearity is required only from the 
modulator, which is easy to achieve at small signal 
levels. The high speed voltage controlled one shot 
MCl 0198 should be ideal for a linear pulse-width modu 
lator. By properly adjusting its operating point, low 
level AM or suppressed carrier double sideband signals 
can be generated. 


FIGURE 7 - 
A Typical Power MOSFET Class D RF 
Amplifier. Arranged in Push-Pull Configuration 


GENERAL 


All MOSFETs can in theory have a positive temp 
erature coefficient on the gate threshold voltage. This 
means that the gate threshold voltage increases with 
temperature, trying to "turn the device off." In addition 
the gm will decrease, which also helps in preventing 
the thermal runaway, which is commonly a problem 
with bipolars. The coefficient of the gate threshold 
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voltage is also a function of the drain current. Normal 
ly the coefficient is negative at low current levels, and 
turns positive at higher currents. The turnaround 
point, which can be controlled by doping the other 
fabrication steps, must be at a current level not to 
exceed the maximum dissipation rating, taking the 
derating factor into account. Thus, the power MOS 
devices can be easily biased to Class A, without fear of 
a thermal runaway. 
Two types of high frequency noise are generated by 
bipolar transistors. Shot noise is caused by the forward 
biased junctions, and thermal noise by moving carriers 
upon flow of electrons. Both have different noise spec- 
trums, and only the latter is present in a FET. In a 
transmitter, where the devices are biased for linear 
operation, the shot noise becomes a problem, especially 
if a receiver is in close proximity, as in transceiver 
designs. Also, if several stations are operated near 
each other, the noise can be transmitted through the 
antenna, disturbing the reception at nearby stations. 
In most instances, the bias of the power devices must 
beswitched on and offduring the transmit and receive 
functions, which will prevent a full break-in operation. 
Measurements of 150 VV devices, intended for SSB 
applications, were performed at 30 MHz, at the proper 
idling current levels. The difference in the total noise 
figure between a bipolar and a FET is about three to 


one, or 7 dB and 2.2 dB respectively. The amount of 
noise that can he tolerated varies with each situation, 
and whether the difference above is significant in 
practice depends on other factors involving the design 
of the equipment. 


CONCLUSION 


From the above we must conclude that it is doubtful 
the power FET ever will replace the bipolar transistor 
in all areas ofcommunications equipment. It will have 
its applications in low and medium power VHF and 
UHF amplifiers, eliminating the need for internal 
matching, and up to medium power low band and VHF 
SSB, where the high order IM I) is beginning to be more 
and more in emphasis due to the crowded frequency 
spectrums. The author's personal opinion is that the 
power FET is the most feasible device for the amplitude 
compandored sideband (ACSB) applications, proposed 
for future use in land mobile communications. The 
system principle requires extreme linearity in the 
amplifying stages, which in the past has only been 
achieved with Class A operation. The power FET also 
opens new applications for high efficiency switching 
mode power amplifiers, which have not been possible 
in the past for reasons described earlier. The possible 
upper frequency limit would be dictated by the physical 
lay-out of the system. 


FIGURE 8 — An Experimental Three Stage. One 
Kilowatt Class D Amplifier. 


The unit operates up to 10 MHz yielding an efficiency 
of 
85 percent. 
The power gain 
is 30 dB. 
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VHF MOS POWER APPLICATIONS 


Prepared by 
Roy Hejhall 
Sr. Staff Engineer 


INTRODUCTION 
The assumption is made that the reader is familiar 
with the types, construction, and electrical characteris 
tics of FETS. References 1 and 2 contain information on 
this subject. 
Silicon RF power FETs are generally N-Channel MOS 
enhancement mode devices. Most are vertical structures, 
meaning that current flow is primarily vertical through 
the chip with the bottom forming the drain contact. Ver 
tical construction has the advantage ofproviding greater 
current density which translates to more watts per unit 
area of silicon. 
The assembly of RF power FET wafers into finished 
devices is similar to the assembly of bipolar RF power 
transistors (BPTs). Identical packaging is utilized for 
both types of devices. 


ADVANTAGES OF RF POWER FETS 
The advantages of FETs have been described else 
where,3-4and will not be repeated in detail. Some obser 
vations on this subject are given below. 
The inherently higher power gain is illustrated by a 
comparison ofthe MRF171 FET and MRF315 BPT. Both 
are VHF devices rated at 45 watts power output. Typical 
power gains at similaroperating conditions (f = 150 MHz, 
Pwt=45 W, dc supply voltage=28 V) are 15.0dB forthe 
FET and 11 dB for the BPT. 
Any gain comparison should also include ruggedness 
data. Ruggedness is denned as the ability of a device to 
survive operation into mismatched loads. Obviously, 
UHF and microwave BPTs are available with gains ex 
ceeding that of the MRF171 FET at 150 MHz, but the 
higher frequency BPTs will not survive much abuse at 
VHF. The superior ruggedness of the FET is even more 
impressive when it is recognized that no source site bal 
lasting is used. 
Another gain comparison at VHF is provided by the 
MRF174 FET and MRF317 BPT. The MRF317 is rated 
at 100 watts output, and contains an internal input 
matching network which increases the device gain by 
typically 5.0 dB. The MRF174 is rated at 125 watts out 


put and has no internal input matching, yet the typical 
gain of the MRF174 at 125 watts output is 12 dB while 
the typical gain of the MRF317 is 10 dB at 100 watts 
output (both devices operating at 150 MHz with a 28 Vdc 
supply). 
Impedance differences are found mainly at the device 
input. FET input impedance at dc approaches infinity, 
dropping at VHF to a level approximately equal to, but 
slightly higher than the input impedances ofcomparable 
BPTs. 
This point can be illustrated by considering again the 
aforementioned 45 watt VHF devices. When operating 
at 150 MHz with a 28 Vdc supply and 45 watts output, 
the large-signal input impedances are 1.89 - J4.81 ohms 
for the MRF171 FET and 1.2 +J1.0 ohms for the MRF315 
BPT. 
These devices illustrate another difference. The large- 
signal input impedance ofFETs at VHF is capacitive. By 
contrast, most VHF BPTs with power outputs greater 
than 20 watts have an inductive input impedance at 150 
MHz. The input impedance ofthe MRF315 passes through 
resonance at about 100 MHz. 


The low-noise figure ofthe FETs facilitates the design 
of low-noise power amplifiers and high dynamic range 
receiver front ends. Noise figures of less than 3.0 dB at 
f=150 MHz, VD3=28 V, ID=2.0 A have been measured 
with the 125 watt MRF174. The MRF134 5.0 W VHF 
FET has a typical noise figure of 2.0 dB at 150 MHz, 
28 V, 100 mA, and values as low as 1.5 dB have been 
measured. Transmitter noise floor determines the an 
tenna front to back ratio required for duplex systems. 


A most interesting FET characteristic is the inherent 
gain control mechanism. The power output ofa FET am 
plifier can be varied from full rated output over a range 
of greater than 20 dB (with RF input power held con 
stant) by varying the dc gate voltage. Further, the device 
gate does not draw dc current, so the dc source utilized 
for gain control does not have to deliver any power to the 
FET. This capability, which does not exist in the RF 
power BPT, facilitates the design of systems requiring 
gain control, either manual or automatic. 
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AMPLIFIER DESIGN 
The design of TMOS FET RF power amplifiers has 
much in common with the design of BPT amplifiers. The 
amplifier mustincludedccircuitrytoapplybiasvoltages 
and RF matching networks to perform the necessary 
impedance transformation over the frequency band of 
interest. Amplifier designconsistsofthe synthesisofcir 
cuitry to perform the above tasks. 
Apositive dcsupplyvoltageis requiredon the drain. 
Todate mostRF powerFETshave been designedfor the 
standard BPT operating collectorvoltages, i.e. 12.5 V, 
28V, and 50 V. Somehigher voltageFETsare alsoavail 
able. The FETbdescribed are designed for 28 V operation. 
There is no FET parallel to the popular zero base bias 
BPTamplifier. The typical FET RF poweramplifierre 
quiresforward gate bias foroptimum poweroutput and 
gain. That is the bad news;the good news is that the 
FETgate is a dc open circuit and the bias network may 
often be just a simple resistive divider. 
A convenient gate bias source is the drain supply. 
Whenutilizingthis techniquecare must be taken in fil 
tering the bias circuitry. An inadequately filtered bias 
circuit connected to the drain supply can form an output- 
to-input feedback path for oscillations. 


BPTamplifiers. These networksusually take the form 
of broadband transformers at HF, lumped reactive ele 
ments at VHF,and microstrip lines with RF chip capac 
itors at UHF.8-6 
Solid-state power amplifier drain or collector load 
impedances are set primarily by supply voltage and 
power level. Therefore, FET and BPT amplifiers with 
like performance parameters can utilize similar output 
networks. 
The inductive input impedance of high power VHF 
BPTsusually dictates that the input network design in 
clude shunt capacitors placed as close to the transistor 
package as is physically possible. FETs,with their ca 
pacitive inputimpedances at VHF, donotrequirethese 
critical capacitive circuit elements. 
Figure 1 shows a 125watt 150MHz amplifier which 
utilizes the MRF174 TMOS FET. Note the following 
items which have been discussed previously: 
1. No shunt capacitors at the gate. 
2. Resistive bias network operating from the drain 
supply voltage. 
3. Impedance matchingnetworkssimilar to thoseof 
a comparable BPT amplifier (except for item 1 
above). 


RGURE 1 — 12S Watt 150 MHz TMOS FETAmplifier 
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CI —35 pFUnleco 
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C6—40 pFUnleco 
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C8 — Arco 463. 9-160 pF 
C9, C11. C14 — 0.1 pFErie Redcap 
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FET amplifier Iqq (quiescent draincurrent) isnotcrit 
ical and values in the 10-150 mA range are suggested. 
Idq n^y k6 varied from less than100 mA tovalues ap 
proaching Class A operation without large changes in 
gain and efficiency at full rated power. Linear applica 
tionsareanexception tothiswhere IDq shouldbeselected 
to optimize linearity. 
The design of RF impedance matching networks for 
FET amplifiers is similar to the corresponding task for 
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f) To.47" 
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•"-!, 
-H H- 0.2 
L4— 10 Turns #16 AWG Enameled Wire on Rl 
RFC1 — 18 Turns #16 AWG Enameled Wire. 0.3" ID 
ri —ion. 2.0 W 
R2 — 1.8M1.1/2W 
R3 — 10 kll. 10 Turn Bourns 
R4 — lOkll. 1/4W 


Thisamplifieroperatesfroma 28 voltdcsupply.It has 
a typicalgain of 12 dB, and can survive operationinto 
a 30:1 VSWR load at any phase angle with no damage. 
The amplifier has an AGC range in excessof 20 dB. 
This means that with input power held constant at the 
level that provides 125 watts output, the output power 
may be reduced to less than 1.0 watt continuously by 
drivingthe dcgate voltagenegative fromits 1^ value. 
Figure 2 illustrates this performancefeature. Note that 
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RGURE 2 — Gain Control Performance of 125 Watt Amplifier 


a negative voltage capability would have to be added to 
the bias system to take full advantage of this AGC 
performance. 


Another useful feature of RF power FETs is that they 
have less variation of input and output impedances with 
power level than does a BPT. This characteristic permits 
the use of small-signal 2 port scattering parameters to 
develop useful design information forgain, stability, and 
impedances.7S-parameters are often found on RF power 
FET data sheets. While s-parameters will not provide an 
exact design solution for high power operation, they do 
produce a useful first approximation. 
Power FETs with outputs below the 40 watt range 
often have such high gain at HF and VHF that stability 
problems may be encountered. This problem can be ad 
dressed by the classic methods used to stabilize RF small- 


4.0 


signal amplifiers—loading of input oroutput terminals, 
feedback, or both. Here is an area where s-parameters 
are useful in calculating the effects of circuit techniques 
for achieving stability. References 7 and 8 discuss am 
plifier stability. 


Figure3 shows a 5.0 watt 150 MHz amplifier utilizing 
the MRF134 TMOS power FET. The MRF134 is a very 
high gain FET which is potentially unstable at both VHF 
and UHF.Note that a 68 ohm input loading resistor has 
been utilized to enhance stability. This amplifier has a 
gain of 14 dB and a drain efficiency of 55%. Figure 4 
showsa 5.0watt 400MHz amplifier with a nominal gain 
of 10.5 dB. 


CAUTIONARY NOTES 
Some precautions regarding FET RF power amplifiers 
should be mentioned. 
One involves temperature coefficient. Literature 
abounds with statements that FETs are totally immune 
to thermal runaway because of their negative tempera 
ture coefficient. Actually, many RF power FETs have a 
positive temperature coefficient over a portion of their 
operating range. Increasing drain current usually shifts 
the coefficient from positive to negative. See Figure 5. 
DC bias experiments have been conducted with several 
RFTMOS FETs. While they all had positive temperature 
coefficients over a portion oftheir operating ranges, none 
exhibited a tendency toward thermal runaway at drain 
currents ranging from less than 100 mA to full Class A 
bias. Thermal runaway does not appear to be a problem, 
but the positive temperature coefficients suggest that the 
designer should not completely ignore the thermal as 
pects of dc bias design. 


RGURE 3 — 5.0 Watt, 150 MHz TMOS FET Amplifier 
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RGURE 4 — 5.0 Watt. 400 MHz TMOS FET Amplifier 
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RGURE S — Gate-Source Voltage versus Case Temperature 
For Constant Values of Drain Current MRF174 
A second potential problem is the danger of permanent 
damage to FET gates fromstatic electricity. Fortunately, 
the larger capacitances ofpowerdevicesreduce this dan 
ger. No special precautions have been taken to protect 
the FETs described from static damage, and there were 
no failures known to be caused by static induced voltages. 
However, it is worthwhile to exercise the usual precau-. 
tions taken in handling all MOS devices. 


SUMMARY 
The construction, characteristics, and advantages of 
RF power FETs have been described with emphasis on 
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the VHFfrequencyrange. Particularattention was given 
to the excellent gain control characteristics of these 
devices. 
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800 MHz TEST 
FIXTURE DESIGN 


by 
DAN MOLINE 
Product Manager 
Landmobile Power Products 


Although this article presents techniques for the gen 
eral case of UHF-800 MHz circuit design, the emphasis 
is placed specifically on test fixture design for 800 MHz. 
Text fixtures tend to be the last consideration for most 
RF power amplifier development programs, yet they are 
the most valuable tool available for measuring and main 
taining device consistency. Minimum power gain, collec 
tor efficiency and broadband performance requirements, 
though they are always detailed in some form ofwritten 
specification, are meaningless unless they are demon 
strated and controlled by a test fixture. A good test fixture 
will assure correlation between the customer and vendor 
and function as a trouble shooting tool in the event of 
radio problems. When alternate sources are pursued for 
a stage, test fixtures can shorten qualification cycles. But 
the prevention of gradual shifts in RF performance over 
the lifetime of a product is the major purpose of a test 
fixture. 
Motorola has recognized the importance for good test 
fixtures and has established general guidelines for their 
implementation. 
Each hi-tech product is tied to a well defined test fix 
ture, which has the following general specifications: 


• 
Broadband performance, demonstrating typical char 
acteristics throughout the band. (Ex.: UHF; 450-512 
MHz, 800; 800-870 MHz) 


• 
A 3" x 5" mechanical format, which is rugged for high 
volume test applications. 
• 
Simple RF match construction to represent realistic 
radio performance. 
• 
Devices must meet all minimum test requirements at 
the specified test frequency. UHF: 470 MHz, 800: 870 
MHz. 


The repeatability, mechanical ruggedness and broad 
band performance are all very important factors needing 
consideration in the design oftest fixtures. The remain 
der of this article goes into detail, using the MRF846 as 
an example. 
The schematic representation of the fixture outlined 
in this article is shown below (Figure 1). 


Ci and Co represent the shunt capacitors at the input 
and output (respectively) which cancel most of the in 
ductive reactance associated with the transistor's input 
and output impedance. Mini clamped-mica capacitors are 
used for these components and are physically located 
beneath the common lead wear blocks. Inductance "L" is 
introduced by the input (and output) wear blocks. Be 
cause ofthis parasitic inductance, L, trimmer capacitors 
(Cj or C'o) are required to transform the now reactive 
impedance back to real before launching off into the X/4 
transmission lines. 
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RGURE 1 — SCHEMATIC REPRESENTATION OF TEST RXTURE 


The transistor's input and output impedance can be 
represented as a combined series resistor and inductor 
as shown in Figure 2. 


+ jX|_(0.5nH) 
__rwv^__ 


Z = Rs + jX|_(0.5 nH) 
=> 


RGURE 2 — EQUIVALENTCIRCUIT FOR Zin OR Zout 


RGURE 3 — PARALLEL EQUIVALENT 
CIRCUIT 


This series combination can be transformed into a par 
allelequivalentbyusingthe equationsshown in Figure3. 
Thecapacitors Ci and Co are selected bycalculating the 
value necessary toform a parallel resonance withXp. Since 
all capacitors havea finite, seriesleadinductance, the ca 
pacitoris actually considered as a simple series resonant 
circuit. The resulting effect is the capacitance is always 
higherthan the markedvalueand goesthroughresonance 
at somefrequency. Mini clamped-micacapacitorsare rec 
ommended for test fixture design due to the very lowpar 
asitic inductance associated with them which increases the 
usablerangeofcapacitances. (They arealsoextremely high 
"Q"). A typical measured series inductance for clamped- 
micacapacitors is about 0.5 nH. The equivalent capaci 
tance is calculated by subtracting the series lead induct 
ancefromthe capacitivereactance,or Xc(equiv) = Xq - 
XU0.5 nH)- 
Since two capacitors are used in parallel, the total 
capacitance is derived as shown in Figure 4. 


Xc(equiv) 


Xc(equiv) = > 


2.0 Xc - XL(Q.5 nH) 


+P<L(0.5 "HI i +l'xL(0.5 nH) 
J 


RGURE 4 — EQUIVALENTREACTANCE FOR CAPACITORS IN 
PARALLEL 
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Avalue of2.0 Xqis used in the aboveexample since each 
capacitor will contribute only Vi to the total capacitance. 
By setting X^equiv.) equal to the parallel equivalent 
reactance calculated in Figure 3, the exact capacitor val 
ues may be determined. 
Y 
2.0Xc - Xl/qs nH) 
Xp" 
2 


Xc = 2.0 Xp + Xl(Q.5 nH) 
(Xc = 1/2 fC) 


C = 7rf(2.0Xp + XL(0.5nH)) 
Introducing an actual example at this time should 
help in explaining the remaining steps involvedin a test 
fixture design. The MRF846 is a 40 W, 12.5 V,800 MHz 
device whose input and output impedances are: 


TABLE 1 — Zjn. Zo„t FORMRF846 


Frequency 
Zin 
zout 
800 MHz 
836 MHz 
870 MHz 
900 MHz 


1.1 + J4.8 
1.0 + J4.9 
1.0 + J5.0 
0.9 + j5.1 


1.20 + J2.4 
1.15 + J2.5 
1.10 + J2.7 
1.10 + J2.8 


SinceXpwillvary as a function offrequency, Ci and 
Co need only be calculated for one point within the fre 
quency band. Typically, the input response of an RF 
power transistor is optimized about the center of the 
band. Hence, theinput Rp and Xp aregenerally calcu 
lated at this frequency [(fh + f|)/2]. 
The output response is different. If Co were selected 
fora resonance to occur withXp at band-center, an un 
acceptable performance roll-offwould be seen at the up 
per end of the frequency band. Overall performance is 
best when Co is calculated at a frequency within 20% 
ofthe upper end ofthe band. Since devicegain increases 
as frequency decreases, the performance at lower fre 
quencies is generally no problem. 
Using the MRF846as an example, input and output 
capacitor values may be determined as follows: 


Triple Stub 
n 
n 
r 
Tuners 
* 
« 
« 
(orother / 
/ 
/' 
tuning device) lyJ 
U \ 


50 n 
Source 


Test Fixture 


INPUT: 
Frequency = 836 MHz 


Zin = l+j4.9 
= 4.9 
Q = 4.9/1 


XP =49(1+^) 
= 5.1 n 
XL(0.5 nH) = 2.0ir 
(836xl06)(O.5xlO-9) 


= 2.63 n 
C = 1/[»t(836x106) 
(2x5.1+2.63)] = 29.7 pF 
2-15 pF Capacitors would 
be the best choice. 


OUTPUT: 
Frequency = 870 MHz 


Z0 = 1.1 +J2.7; Q = 2.7/1.1 
= 2.45 


XP =2-7(1+^) 
= 3.15 n 
X(0.5 nH) = 2.0;r 
(870xl06)(0.5xl0"9) 


= 2.7 n 
C = 1/[tK870x106) 
(2x3.15 + 2.7)1 = 40.7 
pF 


2-20 pF Capacitors would 
be the best choice. 


(20 pF Capacitors were 
not available, so an 18 pF 
& a 24 pF capacitor were 
chosen instead. The total 
C = 42 pF.) 


Though the MRF846 test fixture used at Motorola does 
use these capacitor values, the abovecalculations may 
act only as a good starting point. Empirical measure 
ments and more precise impedance measurements for a 
given application may result in minor deviations from 
these values. 
Assuming no additional circuit parasitics had to be 
accounted for, the quarter wave transmission line sec 
tions couldnowbe determined. The input (and output) 
fixture wear blocks do, however, contribute additional 
series lead inductance to the impedances. These induct 
ances are counteracted by the trim capacitors Cj and 
C'o- The wear block inductance could be calculated and 
then used to determine the proper capacitance values. 
However, since there are other, less obvious frequency 
and grounding effectswhich may influence the imped 
ance transformation, it is a more practical (and generally 
a more accurate) procedure to measure the impedance 
which will be transformed by the transmission line to 
50 n. 


RGURE5 — BASICCIRCUIT TO MEASUREZin, Zout 
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The capacitorsCi and Co should be mounted into the 
test fixture and a known characteristic impedance trans 
mission line soldered into place as shown below in Fig 
ure 5. 
Triple stub tuners are used on the input and output 
to tune for maximum output power and minimum re 
flected power at various frequencies throughout the 
band. Band edges and band center are generally ade 
quate fora good circuitdesign. Dueto higherimpedance 
levels produced by adding Cr and Co. (Zm) and (Zout) 
are measured instead of the real transistor impedances, 
Zin and Zout-Also, by measuring impedancesin the ac 
tual applicationsfixture, the design can beoptimized for 
the particular fixture. Perhaps a maximum gain tuning 
point is not what is desired. Obtaining impedances for 
an efficiency/gain compromise may be more desirable. If 
this is the case, an impedance table for the appropriate 
conditions may be obtained. It is then for these imped 
ances that Ci, Co and Z0 will be calculated. 
The procedure for obtaining the impedances is simple 
and requires a vector voltmeter (WM) or a network ana 
lyzer. Both are used at Motorola, but a vector voltmeter 
is less expensive and if used with a high directivity di 
rectional coupler, (>40 dB), is very accurate. The set-up 
is constructed as shown in Figure 5. With frequency set, 
stub tuners are adjusted for the desired performance. 
Again, usingthe MRF846 as an example, numbers shown 
in Table 2 were measured for P,n = 12.0 W, Vcc = 12.5 
V. 
The output stub tuners were adjusted for maximum 
gain at each frequency and the input stub tuners were 
adjusted for zero watts reflected power. After each mea 
surement, the impedance presented to the fixture by the 


Signal 
Generator 


40 dB 


FWD 


Direct 
Coupler 


REF 
-rfwJH 


\ 
J 
1 
OSM 
Port A 
Port B 
Short 
WM 
WM 


TABLE 2 — PERFORMANCE OF MRF846 versus 
FREQUENCY 


806 MHz 
838 MHz 
870 MHz 


Pout = 50.0 W 
Eff. 
= 53.3% 
Prefl. = 
0 W 


Pout = 48.3 W 
Eff. = 
55.2% 
Prefl. = 0 W 


Pout = 44 W 
Eff. = 58% 
Prefl. = 
0 W 


triple stub tuner and load(orsource)combination is mea 
sured by the vector voltmeter. The impedance is then 
translated by the transmission line used in the test fix 
ture to obtain (Zjn) and (Zout). In the above example a 
26 SI, 0.309A (@836 MHz) transmission line was arbi 
trarily chosen to be in the MRF846 measurements. By 
using the equation: Z /0 = Rq ((1 + TMI (1 - TZs] or 
various computer or calculator programs, the transfor 
mation is easily calculated. The most important part of 
the whole procedure is obtaining an accurate measure 
ment from the stub tuners. Prior to making any mea 
surements, the vector voltmeter must be referenced to a 
short (180° on a Smith Chart). As a means of accounting 
for the errors introduced by the connectors at the fixture's 
input and output, that same connector is used for a ref 
erencing short as shown in Figure 6. 
The measurement reference plane is now the edge of 
the connector used on the test fixture, which is also the 
beginning of the transmission line. Assuming the same 
reference plane is maintained during the measurements, 
an accurate impedance value will be produced. A good 
technique for maintaining the appropriate reference 
plane is accomplished by creating a new connector to 
measure the triple stub tuners. Two connectors are at 
tached as shown in Figure 7. 


s 
L 


OSM Flange 


Copper Strap 
to Short End 
of Connector 


RGURE 6 — ESTABLISHING REFERENCE PLANE 


Cut Center Pins 
Flush to Flange 


CD HD 


Solder 


Pull Remaining Pins Out 
& Solder Together 


FIGURE 7 — MAINTAINING REFERENCE PLANE 
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The triple stub tuner, load combination may now be 
measuredwith an adequatedegreeofaccuracy usingthe 
test setup shown in Figure 8. 


Signal 
Generator 


WM 
WM 
A port 
B port 
:L_L 


Direct Coupler 


New 
Connector 


OSM 
Male 


csssf ]hb 
ee| 


OSM 
Male 


3C 


Triple Stub 
Tuner 


RGURE 8 — TEST SETUP TO MEASURE STUB TUNER W/LOAD 


Repeat the process for the input stub tuner combi 
nation. Two numbers are obtained for each frequency 
which (Zjn) and (ZoUt) can be calculated from, as shown 
in the MRF846 example below: 


TABLE 3 — MEASURED Z VALUES FOR TEST FIXTURE 


i son 
> Load 


Frequency 
Measured V/B 
I"Ze converted 
to Impedance in Ohms 
Impedance Transformed 
Over 26 n 
Line in Ohms 


806 MHz 
INPUT 
OUTPUT 
0.35Z.155" 
0.37^.144° 
24.97 + J8.42 
24.86 + J12.53 
20.72 - J5.64 = IZjn'l 
17.72 - J6.66 = lZout*l 


838 MHz 
INPUT 
OUTPUT 
0.26^.166° 
0.22Z.154° 
29.78 + j'3.38 
33.30 + J6.58 
21.35 + JO 
= (Zjn'l 
18.68 + j.74 
= IZqu,*] 


870 MHz 
INPUT 
OUTPUT 
0.14Z -169° 
0.07Z.-1580 
38.25 - 
j1.99 
44.10 - J2.24 
20.21 + J6.92 = |Zin«l 
17.90 + J8.3 
= |Zout'J 
Note: iZoUt*lis conjugate of IZoutl 
|Zin*| is conjugate of |Zjn| 


The new impedances can be obtained by using a Smith 
Chart or using the equation Z/9 = Rq [(1 + YZB)K\ - 
r/0)]. These impedances (shown in the last column of 
Table 3) are the impedances which the test fixture will 


be optimized around. Once again, it is convenient to con 
vert these numbers into parallel equivalents. By doing 
so,the values of C'l and C'o become more obvious. Table 
4 shows this process. 


TABLE 4 — CONVERSION OF Z VALUES TO C VALUES 


Series Impedance 
Capacitance 
(Zml&IZoutl 
Rp 
XD 
Required 


20.72 + J5.64 
22.26 
(81.8 
2.42 pF 
C'| 
17.72 + J6.66 
20.2 
J53.8 
3.67 pF C'o 
21.35 + JO 
21.35 
— 
0.0 pF 
C'| 
18.68 + j.74 
18.7 
J472 
0.40 pF 
C'o 
20.21 - 
J6.92 
21.6 
-J68.3 
-2.68 pF 
C'| 
17.90 - 
J8.3 
21.75 
-J46.9 
-3.90 pF 
C'o 


From Table 4, notice the calculated values of Ci and 
Co come close to giving the desired frequency response. 
C'l is zero at the band center, indicating the capacitors 
selected for the input are optimum. The values for C'o 


produce a slight skew in performance toward the high 
end of the band. Capacitor values for the output could 
be reduced slightly, but they will remain the same until 
final fixture performance is determined. 
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Since C'l and C'o are very small capacitor values, 
little or no capacitance is actually needed for C'l or C'o- 
However, to allow minor tuning adjustments, a small 
trimmer capacitor is included at the wear block/trans 
mission line interface. 
The final calculation which needs to be performed is 
that of finding the optimum characteristic impedance for 
the transmission line. The recommended approach for 
doing this is to use a computer optimization program 
which will iterate any number of variables for a desired 
frequency response. The variables available to be optim 
ized at this point are Zq, Ci and C'o and even nA (trans 
mission line length). Z0, C'l and C'o are the very min 
imum variables. 
In the exampleof the MRF846, whereinput Rpvaries 
from 22.3 ft to 21.6 fl over the frequency band, a close 
approximation can be had by using a mean value of 
21.9 ft. This results in a Z0 of 50 x 21.9 = 33 ft. The 
output Rpstartsat 20.2 ft, dips to 18.7 ft andgoes back 
up to 21.75 ft. Using the same method as before, Z0 is 
calculated as 50 x 20.2 = 31.7 ft where 20.2 ft is the 
mean value of 18.7 and 21.75. Using a computer optim 
ization program, a 32 ft, quarter wave transmission line 
is optimum for the input and a 30 ft quarter wave line 
is optimum for the output. These are the values used in 
the MRF846 test fixture. 
After constructing the MRF846 test fixture and tun 
ing the small trimmer capacitors for best overall gain 
and input reflected response, the average data shown in 
Figure 9 was obtained. 


D> 40 
I 


5 
30 


~^*--• 
-Pout 


ne'" 


vor = 12.5 V 
Pin = 
12 W 


VSWR. 


GO 
— 


800 
810 
820 
830 
840 
850 
860 
870 
880 
f, FREQUENCY (MHz) 


RGURE 9 — TEST FIXTURE PERFORMANCE 
OF MRF846 


The goal was to demonstrate 12/40W acrossthe band 
with less than 2.0:1 input VSWR and greater than 45% 
collector efficiency. Further optimization could be done 
by performing impedance measurements on additional 
transistors or characterizing the test fixture more ac 
curately. However, the above performance is very satis 
factory to the required performance. The best compro 
mise for a second pass fixture would be to trade-off gain 
at 806 and 838 MHz for efficiency, and redesign input 
and output matching networks for the new impedance 
tables. This, ofcourse, is only one ofthe many procedures 
which may be followed in developing an 800 MHz test 
fixture. 
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MOUNTING TECHNIQUES FOR 
POWERMACRO TRANSISTOR 


Prepared by: 
Harry Swanson 
RFProduct Development/Applications Engineer 
Motorola Semiconductor Sector 


For reliable operation, the PowerMacro plastic molded transistor 
must be properly mounted. Methods of mounting and heatsinking 
are discussed. Tradeoffs of implementation and thermal performance 
are considered. 


INTRODUCTION 
The Stripline Opposed Emitter (SOE) package when 
used to mount an RF power transistor for output power 
levels less than 2.0 watts is excellent electrically but 
relatively expensive for the function performed. This ap 
plication note describes an equally effective electrical 
package called the PowerMacro package. 


The primary advantages of the PowerMacro package 
are (1) its low cost and (2) that it is a drop-in replacement 
for the 0.204" SOE pill or stud package using the same 
transistor die. Note that this package will also substitute 
for most low power applications of an SOE device with 
comparable RF and thermal performance. 


The PowerMacro package has excellent thermal prop 
erties; however, it is essential to utilize proper mounting 
techniques. Therefore, this application note emphasizes 


STYLE2: 
PIN1. COLLECTOR 


2. EMITTER 


3. BASE 


4. EMITTER 
H3 


D 
H 


T 


SEATINGPLANE 


thermal considerations and methods of heat sinking the 
package. 


DESCRIPTION OF THE POWERMACRO 
PACKAGE 
Figure 1 is the case outline drawing of the Power 
Macro package. It is similar to the Macro-X package 
except for the wider collector lead. Figure 2 is a cut away 
view showing the component parts of a PowerMacro 
package. The package consists ofan epoxy molded copper 
leadframe which has a 100 mil wide collector lead. A 
transistor die is silicon-gold eutectic die bonded to the 
collector lead and is wirebonded in a manner similar to 
the SOE package. Completion of the assembly process is 
accomplished by molding the copper leadframe and tin 
plating the four leads. 


DIM 


Millimeters 
Inches 


Min 
Max 
Min 
Max 


A 
4.44 
5.21 
0.175 
0.205 


C 
1.S0 
2.54 
0.075 
0.100 


D 
0.84 
0.99 
0.033 
0.039 


F 
0.20 
0.30 
0.008 
0.012 


G 
0.63 
1.01 
0.025 
0.040 


H 
8.84 
9.72 
0.348 
0.383 


K 
7.24 
8.13 
0.285 
0.320 


L 
2.46 
2.64 
0.097 
0.104 


RGURE 1 — Case Outline Drawing of the PowerMacro Package 
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Epoxy Mold 
Epoxy Molded 
Compound 


Emitter 
Package 
Covering Leads 


Lead y^m 


y 
--* 
Collector 
m^^y 
\Lead 


Die-. 
_y~zs-iip~wircs 


Base 
Lead 


Emitter 


Lead 


FIGURE 2 — Cut Away View of the PowerMacro Package 


THERMAL RATING OF THE POWER 
MACRO TRANSISTOR 


The RF PowerMacro transistor is guaranteed to have 
a certain thermal performance denned by the total device 
dissipation, Pfj, at a certain case temperature, Trj, which 
is measured on the collector lead immediately adjacent 
to the package body. The parameters are defined for Tj 
max of 150°C. In order to use the thermal data presented 
on the RF data sheet, the concepts and ground rules for 
heat How must be defined. Table 1 compares the thermal 
parameters to their more familiar electrical analogs. The 
task of the designer is to get the heat out the collector 
lead (case) of the PowerMacro transistor. This presents 
a classical heat transfer problem ideally calling for an 
"infinite heat sink" which can absorb any amount of heat 
with no temperature rise, AT, whatsoever. In a realistic 
sense, such a heat sink does not exist; however, a prac 
tical solution can be obtained. A practical heat sink is 


TABLE 1. Thermal Parameter and Their Electrical Analogs 


Symbol 
Thermal 
Parameter 
Units' 


Electrical Analog 


Symbol 
Parameter 


AT 
Temperature 
Difference 


C 
V 
Voltage 


H 
Heat Flow 
Watts 
I 
Current 


fl 
Thermal 
Resistance 
°c/ 
Watts 


R 
Resistance 


Y 
Heat Capacity 
Watt-Sec 


"C 


C 
Capacity 


K 
Thermal 
Conductivity 
Cal 
C(; 


Sec-cm 


" 
Conductivity 


Q 
Quantity of 


Heat 
Cal 
q 
Charge 


t 
Time 
Sec 
t 
Time 


By 
Thermal Time 
Constant 
Sec 
RC 
Time Constant 


•Note Ihe one major difference in thermal and electrical units — Q is 
in units of energy, whereas q is simply charge. Hence, H is in units 
ot power and may be equated to an electrical power dissipation. 


characterized by a certain temperature rise, AT, for a 
given ambient condition with a known amount of heat 
input or power dissipation, PjJ. 
When the collector lead and ambient temperature of 
PowerMacro transistor and power dissipation are known, 
then the thermal resistance from case-to-ambient can be 
calculated. First, the power being dissipated in the de 
vice, Pq, is obtained by: 


PD = PDC + Pin-Pout - Pref 
Where: Pd = Power dissipated in transistor in watts: 
PDC = DC power into transistor in watts: 
Pm = RF power into transistor in watts; 
Pout = ft''" power out of the transistor in 
watts; 
Pref = RP input power reflected in watts; 
PD is used in the equation below to obtain 


"CA- 
Tc-TA 


Where: 
llQA ~ Thermal resistance device case to 
ambient 
Tc = Device case temperature 
Ta = Ambient temperature 
The junction temperature under a given 
operating condition is defined by: 


Tj = (fljC + "CA'PD + TA 
Where: Tj = Junction temperature 
"JC = Published thermal resistance junction- 


to-case. 


Since Hjq 's fixed by the transistor type used, the user 
can only control the junction temperature by Oqa- 
A low f»CA requires an effective heat sink and inter 
face between the case and heat sink. In general, an ef 
fective heat sink requires that materials with high ther 
mal conductivity and high specific heat be used. A table 
of thermal properties for various materials is found in 
the Appendix. A well designed interface and heat sink 
requires that all thermal paths be as short as possible 
and of maximum cross sectional area. 


Surface "A" 


Surface "8" 


FIGURE 3 — Bar of Conducting Material 


The thermal resistivity from Surface A to Surface B in 
the conductive bar shown in Figure 3 is: 


h 
h 
0 
= 
KWL 
KA 
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Where: h = Length of thermal path 
A = Cross-sectional area of thermal path 
K = Thermal conductivity 


In order to define the thermal resistance factors still fur 
ther for our purpose, 6CAis defined as: 


«CA = «CS + «3A 
Where: 
flQS = Interface thermal resistance — case to 
heat sink 
flgA = Heat sink thermal resistance — heat 
sink to ambient 
Thus the thermal resistance, junction-to-ambient is the 
sum ofindividual componentsand Tj is then denned as: 
Tj = Pd (0JC + «CS + ASA) + TA 
This gives the basic thermal resistance model for the 
PowerMacro as indicated by Figure 4. 
The thermal resistance ofthe transistor (thejunction- 
to-case thermal resistance), 0jfj, is not constant; it is a 
function ofbiasing and temperature as given on the data 
sheet. The thermal resistance of the heat sink is also 
variable; it decreases as ambient temperature increases. 
The interface thermal resistance, 6qs, is affected by 
the mounting technique and interface material used. 
Since this thermal resistance may be significant com 
pared to the others, it will receive primary emphasis in 
the following section on mounting techniques. 


Tj, Junction 
Temperature 


Tc, Case 
Temperature 


Ts, Heat Sink 
Temperature 


Ta, Ambient 
Temperature 


tl 


Collector Lead 


PC Board 
^•"(Interface 
l~ 
Material) 


Heat Sink 


RGURE 4 — Thermal Resistance Model for 
the PowerMacro Transistor 


MOUNTING TECHNIQUES FOR 
POWERMACRO 
The available heat sink will vary depending on the 
application. In the case of the handheld radio, the heat 
sink is relatively small and lightweight. In the case of a 
predriver in a mobile radio the heat sink is relatively 
large but it is shared with other devices of higher power 
dissipation. In general, the size and weight of the heat 
sink should be as small as possible. 
The intent of this section is to discuss in detail the 
different techniques and tradeoffs involved in reducing 
the thermal interface resistance in the PowerMacro. 
The wide lead collector of the PowerMacro offers an 
excellent thermal path from the transistor chip. This 
wide lead should be utilized effectively to provide the 
best thermal interface. Since this lead is the output of 
the device, it is necessary to consider RF matching and 
DC biasing. Thus, the lead is usually mounted to some 
PC board material such as G-10, glass teflon, alumina, 
or beryllium oxide (BeO). Table Al in the Appendix lists 
the typical thermal data from IR scans of the MRF553 
PowerMacro transistor (1.5 Watts Pout — 7.5/12.5 V 
VHF device). The analysis compares two PC board ma 
terials: 


1. G-10 
2. Alumina 


forvarious operating conditionsofP0ut> PDiTj (diejunc 
tion temperature), Tc (collector lead temperature), and 
Ts (heat sink temperature) and Ta * 25°C. 
Figure Al shows the circuit used to provide the ther 
mal data ofthe MRF553 device mounted to a 62 mil thick 
G-10 PC board. The device is soldered to the PC board 
which is mounted to a 3" x 5" x 3/4" aluminum heat sink. 
Figure A2 shows the circuit used to provide the ther 
mal data of the MRF553 device mounted with alumina 
interface. The device is soldered into a specially con 
structed socket (see Figure A3) which is mounted to a 
3" x 5" x 3/4" aluminum heat sink. The socket is copper 
and uses 28 mils thick alumina substrates (195 mils x 
250 mils) with 62 mils thick copper tabs (125 mils x 250 
mils) on the input and output. These components are 
soldered together using high temperature solder. 
A comparison of the data in Table Al shows the rel 
ative performance of the two mounting techniques. IR 
Scan II of the alumina/copper mounting technique 
clearly shows its superior thermal performance. Com 
paring the data at Pd = 1.9 watts for IR Scan I (G-10 
PC board mounting) and IR Scan II (alumina/copper 
mounting) demonstrate the better thermal interface us 
ing alumina/copper. Ojs for the alumina/copper mount 
ing is 30.7°C/W while 0js for the G-10 PC board is 
39°CAV. 
As expected, the 0jj_, is approximately the same for 
the two mounting techniques. The difference in 0j$ is 
dependent on the mounting technique used. The result 
ing Oqs is calculated from the IR scan data by: 


«CS = ftJS " 
ftJL 
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Thus for IR Scan I (G-10 mounting): 
0qS = (39-23.2) °C/W = 15.8°C/W 


Whereas, for Scan II (alumina/copper mounting): 


«CS = (30.7-24.4) °C/W = 6.3°CAV 
Therefore, the IR scan results show a marked improve 
ment in thermal performance when using the alumina/ 
copper. 


The heat spreading effects of the epoxy mold com 
pound are also analyzed by IR scan of a molded device 
and an unmolded device. The molded device was chem 
ically etched to expose the surface of the transistor die 
while maintaining the maximum epoxy compound 
around the transistor leads. The unmolded device was 
soldered into the RF circuit in leadframe form and then 
the lead interconnects were trimmed to make the part 
functional. 
A comparison of RF Scan I and RF Scan III shows that 
the epoxy mold compound aids in spreading the heat from 
the collector lead to the other three leads. For example, 
at Pd = 1.9 watts, the junction temperature, Tj, of the 
molded device is only 106.2CC versus 154.3°C for the 
unmolded device. Thus, the heat transfer ability of the 
epoxy mold compound is significant. 
Additional heat transfer can be realized by applying 
a small amount of heat sink compound to the heat sink 
side of the PowerMacro package and by mounting the 
device so that the package body contacts the heat sink. 
The thermal conductivity of the heat sink compound 
(K=0.0018) is close to that of the epoxy mold compound 


(K = 0.0026) and it is 3 times better than G-10 
(K = 0.0056). Table A2 in the Appendix lists and defines 
the thermal conductivity K, the specific heat S and mass 
density P of various materials. 


SUMMARY 
This application note utilizes the IR scan results in 
Table Al to quantify the tradeoffs in performance of the 
two mounting techniques. A more rigorous analysis 
should be made by the designer when considering a par 
ticular application of a PowerMacro device. In a partic 
ular application, there usually are certain constraints, 
such as: 


(1) Ambient and operating conditions 
(2) Available heat sink size 
(3) Available circuit layout space 
(4) PC board material choice 
(5) Assembly manufacturing techniques that are 
available and cost effective 
These constraints may limit the designer's available op 
tions in providing the best interface and heat sink for 
the PowerMacro transistor. 
The PowerMacro package is an excellent RF low 
power package. With proper mounting and applications 
of device specifications, the transistor will function re 
liably. The data sheet specifications for 0jl, Tl, and Pd 
are based on mounting the device to G-10 PC board or 
equivalent at Ta = 25°C. 


APPENDIX 
Table Al lists the IR scan results of the MRF553 PowerMacro transistor comparing two PC board materials. 
The mounting and RF circuit techniques are shownin Figures Al, A2 and A3. 


TABLE A1. IR Scan Results for MRF553 PowerMacro 


Mounting 
Technique 


Pout 
<W) 
f»17S 
MHt 
fn?w/ 
/PR 
/(mW) 
PO 
CW) 


Ole 
Tons. 
TjPC) 
Hot Spot 


Die 
Temp. 
TjCCI 
Aver. 


Collector 
Leed 
Temp. 
TLro 


•JL 
Aver. 
row) 


»Jl. 
Hot Spot 
rc/wi 


CM. 
Htatalnk 
Temp. 
TsIT) 


»JS 
Aver. 
(•C/W) 


0JS 
Hot Spot 
rowi 


TaTO) 
Ambient 
Temp. 


IR Scan 1: 


G-10 PC 
Board with 
Epony 
ICaM MiwkII 


1.0 ^y 
yy^n 
12.5/'' 
/0.20 
1.55 
96.62 
99.5 
55.3 
25.3 
26.65 
32 
40.3 
41.7 
25 


1.5 
bsy 
y** 
\2.y 
/0.25 
1.70 
101.40 
99.1 
59.7 
23.2 
24.5 
32 
39.5 
40.8 
25 


2.0 
\tny 
yt* 
\2.y 
/0.30 
1.88 
108.9 
106 2 
62.7 
23.2 
24.6 
33 
38.95 
40.4 
25 


2.5 
tny 12.5/' 
/0.35 
2.08 
120 
116.9 
67.35 
23.8 
25.3 
35 
39.4 
40.9 
25 


3.0 
380/'' 
/40 n.y 
y^At 
2.46 
138.35 
134.8 
74.2 
224.6 
26.1 
37 
39.75 
41.2 
25 


IR Scan II: 


Alumina/ 
Copper Board 
with Epoxy 
ICaae Malarial] 


1.5 
i*y 
/s.7 n.y 
/woo 
1.07 
68 
66.7 
33.8 
24.5 
25.7 
28 
38.2 
37.4 
25 


2.0 
Y3&y 
yi3 
\2.y 
/0\252 
1.27 
73.8 
71.9 
35.3 
24.3 
25.8 
29 
33.8 
35.3 
25 


2.5 
2w>y 
yso n.y 
/0.33 


1.92 
90 
88 
41.1 
24.4 
25.5 
29 
30.7 
31.8 
25 


3.0 
ivy 
/yes 
12.5/ 
/&430 
3.0 
120.5 
117.7 
48.8 
23.4 
24.3 
29 
29.7 
30.7 
25 


3.2 
v*y 
./300 ,2.5/" 
/ 
0.473 
3.4 
136.8 
131.3 
49 
24.2 
25.8 
29 
30.1 
31.7 
M 


IR Scan III: 


G-I0PC 
Board Willi 
NoEpoiy 
(Case Malarial) 


1.0 
52 y 
yi* 
12.s/ 
/0.20 
1.54 
138.99 
137.1 
91.9 
29.2 
30.5 
28 
70.8 
72.1 
25 


1.5 
84y 
yn 
12.5/' 
/0.25 
1.69 
146.28 
143.5 
956 
28.2 
29.8 
28 
68 
69.7 
25 


2.0 
140/'' 
y,6 
12.5/ 
/0.30 


1.87 
156.64 
154.3 
101.35 
28.35 
29.6 
28 
67.4 
68.6 
26 
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FIGURE Al — Circuit Using G-10 PC Board 


FIGURE A2 — Circuit Using Alumina' 
Copper Socket 


Copper Tabs (62 Mils Thick) 


Silver Ribbon to 
Electrically Connect 
Socket in Test Fixture 


Alumina Substrates (28 Mils Thick) 


FIGURE A3 — Alumina/Copper Socket 
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The IR scans were made using a Barnes radiometric 
scope (Model No. RM2). The transistor's active area was 
IR measured at 6 points to adequately map the junction 
temperature. Also, the collector lead was IR measured 
immediately adjacent to the body ofthe package to obtain 
the case temperature, Tl of the device (see Figure A4). 


^ 


1 
4 


2 
5 


3 
6 


Active Area of Transistor 
Chip 


-Transistor Chip 


-Collector Lead 


TL 


FIGURE A4 — IR Scan Map 


Each operating condition chosen was allowedto reach 
steady state before the IR scan measurements were 
made. 
In order to aid in heat sinking and mounting designs 
a table of thermal properties of common materials is 
presented. Three important thermal properties of com 
mon heat sink materials are given in Table A2. These 
properties should be considered in order to properlyeval 
uate the choice of materials used in heat sinking/mount 
ing of a PowerMacro for a given application. 
Thermal Conductivity is a measure of the ability of a 
material of known cross sectional area to transfer heat 
a given distance in a given time with a given temperature 
difference. Generally metals are good thermal conduc 
tors. 
Specific Heat is a measure ofthe amount ofheat a given 
mass of material can accept for a given rise in temper 
ature. The scale is normalized to the heat capacity of 
water (H2O = 1.0). 
Mass Density is simply the mass per unit volume of a 
material. This parameter is important in heat sink de 
sign in as much as large heat sinks of dense materials 
are undesirable. 


The devices were decapsulated using a machine called a 
"Jet Etch." This machine is manufactured by: 


B & G Enterprises 
62B Hanger Way 
Watsonville, California 95076-2486 


The jet etch machine uses hot sulfuric acid to decapsulate 
the molded device. The device can be decapsulated so 
that there is no mechanical damage, no corrosive dam 
age, and no loosening of external leads. Thus, the device 
is fully RF functional. 


TABLE A2. Typical Thermal Properties of Materials 


Material 


Thermal 
Conductivity K 
(Cal/Seccm-'-C)* 


Specific 
HeatS 
(Cal/gm-*C) 


Mass 
Density, P 
(gm/cm-*C) 


Copper 
0.94 
0.093 
8.9 


Beryllia Ceramic 
0.55 
0.31 
2.8 


Aluminum 
0.49 
0.22 
2.7 


Brass 
0.26 
0.094 
8.6 


Silicon 
0.20 
0.18 
2.4 


Steel 
0.12 
0.12 
7.8 


Solder 
0.09 
0.04 
8.7 


Kovar 
0.046 
0.11 
8.2 


Alumina 
Ceramic 
0.04 
0.21 
3.7 


Plastic Epoxy 
0.0026 
0.2 
2.0 


Glass 
0.0026 
0.2 
2.0 


Mica 
0.0018 
0.2 
3.2 


Teflon 
0.00056 
0.25 
2.2 


Heatsink 
Compound 
0.0018 
— 
— 


•Conversion Factor: 1 watt/m = 2.39 x IO"3 Cel/Sec. cm. The ther- 
mochemical calorie = 4.184 joules. The absolute joule per second or 
watt is thus related in terms of calorie per second. 
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A Cost Effective VHF Amplifier 
For Land Mobile Radios 


By Ken Dufour 
Motorola Power Products Division 


INTRODUCTION 


This application note describes a two stage, 30 watt 
VHF amplifier featuring high-gain, broad bandwidth and 
outstanding ruggedness to load mismatch, achieved by 
use of the new MRF1946A power transistor. It uses a die 
geometry intended for RFpower devices operating in the 
UHF region. The emitter periphery (EP) to base area (BA) 
ratio of this die is 4.9, up from the normal EP/BA range 
of 1.5 to 3.5 for VHFdevices. Power sharing and current 
sharing in the chip are controlled with diffused emitter 
resistors. The end result is a VHFtransistor with very high 
power gain (10 + dB), sufficient so that processing steps 
can be taken to provide tolerance to load mismatch while 
still maintaining excellent performance. Bymounting this 


die in the 0.380 flange or stud package and providing 
characterization data that spans 136 to 220 MHz, Motorola 
has 
provided a very versatile component for the RF 
designer. 


CIRCUIT DESCRIPTION 


Smith chart techniques were used to develop the two 
stage amplifier shown pictorially in Figure 1 and sche 
matically in Figure 2. The end result is an amplifier that 
can produce 20 dB overall gain in the specified band (150 
to 175 MHz), with a midband efficiency of 50 percent. The 
Motorola MRF237 was selected for the driver stage. This 


Figure 1. Engineering Model of MRF1946A Wideband Amplifier 
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common emitter (TO-39) RF power transistor produces 
high-gain, is easy to mount and is cost effective. In this 
design, the MRF237 is inserted into a hole in the circuit 
board and soldered to the ground plane for heat sinking, 
as shown in Figures 1 and 3. This method of attachment 
also provides a very effective emitter ground connection. 
By introducing a small amount of forward bias (5-15 mA) 
to the MRF237, it will track low drive levels and help 
maintain stability in the input stage. The amplifier is con 
structed on 1/16", double sided G-10 board with 2 ounce 
copper cladding. A photomaster of the printed circuit 
board is shown in Figure 4. The top and bottom ground 
planes of the board are connected by wrapping the board 
edges with thin copper foil (0.002") and then soldering it 
in place. Figures 1 and 3 illustrate how and where the 
board edges are wrapped in the prototype amplifier. No 
eyelets or plated-through-holes are required to achieve 
the level of performance noted here. Printed lines are 
used to match the devices' input and output impedance 


to 50 ohms, and an inductor and two capacitors form the 
interstage match. This allows some flexibility in shaping 
the overall frequency response and helps conserve board 
area. The MRF1946A stage is operated in Class C and is 
mounted to the heatsink using conventional methods, 
i.e.; an 8-32 stud inserted into an appropriately prepared 
heatsink. An alternate packaging arrangement, the 0.380 
flange, allows one to attach the transistor to the topside 
of the heatsink with two screws. A Motorola Application 
Note on mounting techniques for various semi 
conductors is available and provides detailed information 
on installing either of these package styles (see reference 
1). Additional information on thermal considerations can 
be found in reference 2. Performance of the amplifier is 
illustrated in Figures 5,6 and 7. Figure 5 is a plot of Pout 
versus Pjn at 160 MHz, 12.5 volts; Figure 6 shows output 
power, input VSWR and collector efficiency as functions 
of frequency; while Figure 7 demonstrates harmonic con 
tent for 30 watts output power. 


L2 
| 
C6 
L3 
L^wv^ 


MRf 
J.V 
C8^ 
,RFC2 
T° 
=tc3 
RliTJCA 


K 
50 n LINE 
RF 
'INPUT 
:<-| 
MflUNE 
\- 


C1 = 56 pF Dura Mica 
D1 
C2 = 39 pF Mini-Unelco 
Ll 
C3, C7 = 68 pF Mini-Unelco 
C4, C5, C6, C9, C10 = 91 pF Mini-Unelco 
L2 
C8 = 250 pF Unelco J101 
C11 = 36 pF Mini-Unelco 
L3 
C12 = 43 pF Mini-Unelco 
L4 
C13 = 1 uF,25 VTantalum 
L5 
C14, C15 = 0.1 u.FMono-Block 
R1 
CI6 = 10 pf 25 V Electrolytic 


: Diode, 1N4933 or Equivalent 
Base Lead Cut to 0.4", Formed 
Into Loop 
Collector Lead Cut To 0.35*, Formed 
Into Loop 
0.7" #18 AWG Into Loop 
7 Turns #18 AWG, 1/8* ID 
3 Turns #16 Enam, 3/16" ID 
: 10 n, 1/4 W Carbon 


Figure 2. Schematic Diagram of MRF1946A Wideband 
Amplifier 
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R2 = 1500 n, 1/2 W (Select For 
Most Appropriate ICQ) 
RFC1 - 
10 pH Molded Choke 
RFC2 = 0.15 pM Molded Choke 
RFC3 => VK200-4B Choke 
21,'22 = Printed Line 
23 = 50 Ohm Printed Line 
B = Ferroxcube Ferrite Bead 
56-590-65-3B 


C4. C5 FROM 
C6 


BASE TO GROUND 


AN955 


Figure 3. Parts Placement 


NOTE: The Printed Circuit Board shown is 75% of the original. 


Figure 4. PCB Photomaster 
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Figure 5. Output Power versus Input Power 
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Figure 7. Output Spectrum 
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Rgure 6. Output Power, Efficiency, and Input 
VSWR versus Frequency 


CONCLUSIONS 


The two-stage amplifier described produces greater 
than 20 dB gain with 30 watts of output power over the 
frequency range of 150 to 175 MHz. Ruggedness and 
stability are achieved by use of the new MRF1946/A 
power transistor. The amplifier illustrates that relatively 
unsophisticated construction techniques properly imple 
mented with the appropriate high gain devices can pro 
vide a cost effective 30 watt VHF amplifier for land mobile 
applications. 
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A HIGH-PERFORMANCE VIDEO AMPLIFIER FOR HIGH 
RESOLUTION CRT APPLICATIONS 


I. INTRODUCTION 
Thisapplication notedescribes the superior 
performance characteristics of Motorola CRT 
driver transistors in a state-of-the-art video 
amplifier. Inparticular, the highspeedobtain 
ablewithlowOC powerconsumption is shown. 
A circuit which is insensitive to load variations 
andinterconnect methods isgiven. 


IL APPROACH 
Theperformance requirements for the amplifier are 
these: 


Voltage Gain 
Rise and fall times 


20 
3 nS 
Output 
Overshoot 
40 Vpp min. 
5% max. 
Load capacitance 
Power supplies 
8 pF min. 
60 V, 5 V, -5V 


The voltage gain is obtained ina transconductance 
amplifier in the form of a common-emitter, 


common-base cascode circuit. In this circuit the load 
capacitance is isolated from the cascode by a set of 
complementary emitter-followers. Thus, the 
capacitive loading on thecascode is low, which 
allows operation at a moderate dissipation level. 


The emitter followers are biased at a Class"B" 
operating point. They conduct only during voltage 
transitions, while charging or discharging the CRT 
capacitance. This operation is similar to theway 
highly efficient CMOS logic ICs function. 


The emitter followers provide a combined output 
signal from a low impedance, or "stiff'source. This 
stiff source makes the entire circuit insensitive to 
load variations and to different methods of connect 
ing the video amplifier to the CRT. 


III. THE CIRCUIT 


A. The Input Circuit 
Refer to thecircuit diagram inFigure 1. A fast 
pulse generator is required for accurate perform 
ance data. The Tektronix Model PG502 isa good 
example of a pulse generator for optimum perfor 
mance, versatility and price considerations. The 
pulse generator hasa rise time intherange of .6 
ns andan output impedance of 50 ohms. A 
minimum-loss L-pad is used between thegenerator 
and the base of the driver transistor, Ol. The im 
pedance level at this point isdesigned to be 75 
ohms. The voltage attenuation of thematching cir 
cuit is 0.64. 


B. The Cascode Circuit 


1. The Common-emitter stage uses an 
LT1001 transistor ina TO-39 package. The 
emitter current of 70 mA issupplied from a - 5 
Vsource via resistors R4, and R5. For ac, only 
R4 at 15 ohms is operative. FU and the built-in 
emitter-ballast resistor of 1.6 ohms, determine 
the transconductance of Qi, which is then 60 


mA/V. 


Both the emitter current and the collectorcur 
rent ofthis stage follow the base voltage almost 
instantaneously. Computer simulation hasshown 
that the transition timesare less than 1 ns. The 
transconductance may be increased during the 
transition times byadding the"peaking-network" 
Fte, C2, C3. Adding this network isvery much 
like adjusting the rise time inthe probes offast 
oscilloscopes. Inthecascade circuit under discus 
sion the"peaking" network compensates rise 
time deterioration at the collector byspeeding 
uptheemitter current ofQi.This procedure 
must be applied with moderation since it may 
affect the large-signal swing capability. The 
resistor, R6, should be equal to or larger than 
R4. The capacitor, C2, determines thelength of 
time during which "peaking" occurs. The product 
of RsandC2 is typically a few nanoseconds. 
The trimmer, C3, canbe used forfine-tuning, 
butis usually notimportant andmay be omit 
ted. If there is lead inductance associated with 
the path from the emitter of Qi through C3 to 
ground, use of C3 may cause ringing at high 
frequencies. 


2. The common-base stage uses an LT1817 
transistor ina TO-117 package. Since thetran 
sistor must dissipate continuously some two 
Watts of DC power, good heatsinking is man 
datory. The T0-117 package provides a high- 
conductance thermal path to a heatsink or 
chassis. Atthesame time, it adds only minima! 
capacitance to thecircuit. 


Il5pfl 
UIASUOS 
PROM 
0 
-»*n 


Figure 1. Circuit Diagram of Video Amplifier 
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Figure 2E. 10 nsec Pixels 10 V p-p 
Figure 2F. 10 nsec Pixels 40 V p-p 
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The common-base stage hasnear unity current 
gain andactsas an impedance transformer, pro 
viding a current source at itscollector. This cur 
rentcharges the'combined collector capacitances 
of 02, and the emitter-followers, 03 and 04, 
which add upto about 5 pF at theoperating 
point. Tothis total onemust addabout onepF 
ofstray capacitance. Aload- or"pull-up" resistor 
ol 430 ohms is used at the collectorof the 
common base transistor, 02. The rise timeat 
thispoint maybe calculated to be: 


tr - .35 • 2-R«430 • 6pF - 5.7 nS 


This value is improved by the addition of a 
peaking coil of .22uH. Theoretically, therise 
time could be reduced byupto 40%(without 
overshootl by optimizing the inductance. Due to 
the non-linear nature of the capacitances to be 
compensated for here, different effects result for 
riseandfall times. This situation requires a com 
promise resulting ina practical improvement of 
less than the theoretical transition time. Never 
theless, 3 ns transition timesare obtained at the 
collector ol 02 bymeans oftheemitter peaking 
discussed earlier. 


The LT1817 is packaged ina common-base con 
figuration. This means that thetransistor base is 
connected to two symmetrical low-inductance 
baseleads. Asis well known, base-lead induc 
tance maycause instabilities in common-base 
configurations. To prevent this from happening, 
base damping resistors, R7 andRs, have been 
added. The value of these resistors depends on 
the device bias point andthe circuit layout. If 
oscillations occur, they would benear a Giga 
hertz or higher, andtherefore may notbeseen 
on anything buta sampling oscilloscope. They 
will affect rise times and output swing capabili 
ty. Instabilities may be easily detected with a 
spectrum analyzer connected to theinput jack of 
thevideo amplifier. Enough signal will feed back 
through the collector capacitance of Qi to reach 
the analyzer. 


3. The emitter-followers,03 and04, are a 
complementary pair of transistors, LT1829 and 
LT5839, inTO-39 packages. The transistors are 
biased to the threshhold ofconduction by two 
diodes, Dl and 02. Thesediodes should be 
relatively large, slow rectifier types, each pro 
viding no more than 0.6V of bias witha for 
ward diode current ol 70mA. The diodes have 
low, largely capacitive impedances at high fre 
quencies, and should be connected withshort 
leads between the bases of 03 and 04. 


The emitter followers provide temporary charging 
currents to theoutput circuit whenever the 
voltage across theload ischanged. Incase ofa 
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display with high contrast and many transitions,. 
the current in 03 and 04 may become ap 
preciable, causing the transistors toneat up. The 
elevated junction temperature shifts the bias 
point from Class "B" in the direction of "AB" 


If the emitters of these transistorswere con 
nected directly, a OC component ofcurrent 
would flow from the60 Vsupply through the 
devices to ground. This "pole-current" would fur 
ther heat upthejunctions and might lead to 
thermal runaway. In thecircuit described, this 
situation is prevented from occurring through the 
useof theemitter stabilizing resistors Rio and 
. Ril. Using capacitor, C4, prevents deterioration 
of the dynamic operation of theorcuh. 


Asimpler, more primitive way to avoid thermal 
problems, is to useonly one bias diode, or none 
at all. Ooing this, however, has serious effects 
on the gray scale linearity at mid-range. 


4. The output circuit The LT1839 and 
LT5839 transistors have excellent peak current 
handling capabilities. Their emitter currents react 
virtually instantaneously to thebase voltage. 
Even when supplying several hundred mi!S- 
amperes ofpeak charging current, thebase-to- 
emitter gain holds upweD. It istherefore 
passible to drive more elaborate load configura 
tions than a bare capacitance. This ability may 
ease interconnect problems. The circuit described 
inRgure 1 is powerful enough to accommodate 
a piece of shielded cable between the CRT and 
the video amplifier. Atwin-lead fine ora single 
wire connection may also be used instead of the 
shielded cable. The circuit is notonly able to 
drive elaborate interconnect networks, but also 
to handle substantially larger CRT capacitances 
without significant penalties inrise andfall 
times. For instance, this circuit is capable ol driv 
ing 15 pF with 3.8 ns transition times. 


Inallcases, the presence of additional reactive 
circuit elements causes the output circuit to have 
resonances which will cause ringing or over 
shoots, iftheoutput circuit isnot properly 
damped. To this end, a variable resistor, Rl2, is 
included in thecircuit. When adjusted for critical 
damping, the waveform will look smooth across 
the load capacitance. 


In thedemonstration circuit, [Rg. II, a 6.5 pf 
chip capacitor simulates the CRT cathode 
capacitance. It isconnected across a special jack, 
which hasbeen designed forthe Tektronix FET 
probe, Type 6201. Probe, jack and chip have a 
combined capacitance of BpF. The FET probe 
may beused inconjunction with Tektronix 
sampling scopes or real-time scopes with band- 
widths of 300 MHz or more. 
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One may be tempted to useslower instruments, 
such as a 200 MHz type, andcorrect mathe 
matically forthe additional transition time con 
tributed by thescope. Wedonotrecommend 
this approach since slower scopes appear to pro 
duce wave shape distortions which lead to 
misleading rise-time values. 


IV. AMPLIFIER PERFORMANCE 
Rgure 2 contains photographs showing rise and fall 
times at 10 Vand 40 Vpeak-to-peak swing. Also 
shown aresome response curves generated bythe 
well-known circuit analysis program SPICE. Careful 
modelling of thesemiconductors used, according to 
the theory of Gummel and Poon, resulted in good 
agreement between computer and laboratory- 
generated performance data. Inaddition, computer 
analysis offers insights, which cannot be obtained by 
practical measurements. 


Shown inRgure 3 are thesuperimposed plots of the 
input voltage at thebase ol Qt andtheoutput 
voltage across the CRT capacitance. The second set 
of plots, Rgure 4. displays thecollector-current wave 
form of Qi and the combined emitter circuits of the 
complementary set ofemitter followers. The collector 
current ofQi shows clearly theeffect of"peaking," 
introduced bytheemitter circuit components, Rs, C2 
andC3. Note that under fuD swing conditions 140 V 
p-p output), thewaveforms are notquite sym 
metrical. The effect on the transition times of the 
output voltage, however, is minimal. 


The example shown inboth Figures 3 and 4 cor 
responds to a pixel-time of 10 ns,which is the prac 
tical minimum fora system with3 ns transitions. 
When operating continuously at this rate, approx 
imately 25mA ofaverage current flows in each one 
of the emitter-foDowers. This causes a significant rise 
incase temperature for these devices. It is therefore 
recommended thaiclip-on heat radiators be used. 
There is noelectrical penalty lor this measure, since 
thecollectors areon ground potential. 


Heatsinking becomes absolutely mandatory if one ex 
plores the limits of theamplifier byoperating at 100 


MHz and beyond. 


V. CONCLUSION 
An amplifier was developed which meets allneeds of 
a higrwesohjtion CRT monitor. While practical con 
siderations played an important part in thecircuit 
realization, the primary purpose wasto demonstrate 
transistor capability. It is hoped thatenough 
background information was given to allow the 
reader to tailor tus drcuh to hisspecific needs. 
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Figure 3. Computer Generated Voltage Plots 
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Rgure 4. Computer Generated Current Waveforms 
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A HYBRID VIDEO AMPLIFIER FOR HIGH RESOLUTION 
CRT APPLICATIONS 


Motorola RF Devices hasusedtheirunique high 
frequency RF semiconductor capabilities andthin 
film hybrid expertise to produce a hybrid video 
amplifier with lessthan2.9ns riseandfall time 
for a40Voutputswing. Thisvideo amplifier pro 
videsa low powerdissipation solution to a prob 
lemthat hasbeenlimiting the performance of 
ultrahighresolution CRT monitors: videoampli 
fier speed Manyof the 1024 x 1024 and 
1280x 1024pixel, 64kHzhorizontal sweeprate 
CRTs that areusedin CAD/CAM andhighresolu 
tiongraphics applications havenotrealized their 
potential performance because ofthe speedof 
theirvideoamplifiers. Videoamplifiers with 
3.5-4 ns rise and fall times often found in these 
highresolution CRTs do not provide optimum 
picture quality whenthe CRT hasapproximately 
10ns to energizeeachpixel. A slowvideoamp 
willproduce dimmervertical linesthanhorizon 
tallinesormayforce monitor designers to other 
compromises suchasa slowersweepratewhich 
may produce flicker, orlowercathode voltage 
whichwillproduce adimmerpicture. Thehybrid 
described heresolvesthese problems. 


SUMMARY 
The Video Amplifiers, CR2424and 
CR2425,arehybrid integrated circuits designed 
for high resolution CRT Video Amplifier applica 
tions.They arecapable of delivering 40 volts 
peak-to-peak output with overshoot typically less 
than 5% into an 8.5pf load. Typical 10 90% 
transition times are 2.6 nsec with a bandwidth 
of betterthan 130MHz. They have excellent 
gray-scale linearity, aredc coupled anddo not re 
quire an external load-resistor. 


CONSTRUCTION 


A. Mechanical 
The amplifier is housed in a proven package, 
which consists of a plastic housing, attached to 
an aluminum heatsink. Dimensions and pin con 
figurations areshownon the attached specifi 
cationsheets. The circuit uses special silicon 
transistors mounted on heat spreaders on an 
alumina substrate with thin-film resistors and 
gold metalization. The substrate is soldered to 
the heatsink. 


Theheatsink is supplied in two versions, CALow 
Profile which is designated CR2424, anda taller 
heatsink version, CR2425. These two package 
stylesare shown in Rgure 1. Theelectrical 
characteristics of thesetwo amplifiers are iden 
tical. The heatsink style choice should be based 
on ease of mechanical/electricalinterface. In both 
cases, the heatsink is at ground potential and 
should be attached directly to the chassis or ex 
ternal heatsink for mechanical stability and heat 
conduction to ambient. 


ThisCR2424 hybrid driver canalso be supplied 
in a hermetically sealed package. The hermetic 
version is designated CR2424H andcanbe 
screened to Mil Std 883 method 5008. 


B. Electrical 
The circuit uses bipolar silicon transistors in a 
two-stage feed-back amplifier configuration. The 
output is supplied by emitter-followers. Because 
of the complementary circuitry employed, there is 
no need for a load (or pull-up) resistor. 


Figure 1. Package Types 
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The power consumption is typically 3.0 watts for 
average picture content anda maximum of 6.0W 
for 10ns continuous black to white transitions or 
worst case situations. The electrical pinconnec 
tions areshown in Rgure 2. 


C. Thermal 
Thermal analysis of an amplifier design is a very 
essential issueto ensure amplifier reliability. Heat 
is one of the most critical factors that deter 
mines how long the amplifier operates. 


The ability to examine the CRT circuit thermally 
under operating conditions is absolutely 
necessary. The infrared microscanner was used 
for evaluation of the CRT hybrid amplifier from 
the standpoint of thermal resistance and 
operating temperature. 


With the heatsink temperature stabilized at 
60°C, the maximum transistor junction 
temperature was measured at 108°C. This is a 
verysafe value, especially for devices with all 
gold metalization as usedhere. Themaximum 
temperature occurs whenthe output voltage is 
either at its lower or upper extreme. Under this 
condition the maximum power dissipation on the 
diewill be approximately 1.6W.Thus, the 
thermal resistance can be calculated to be 
30°C/W. 


Under norma! operating conditions (normal 
operating conditions means an average picture 
content) the hottest transistor will dissipate ap 
proximately 1W.Again, with the heatsink 
temperature stabilized at 60°C, the transistor 
junction temperature will be 60°C + 30°C/W x 
1W - 90°C. This is a verysafe value for this 
kind of amplifier for a long lifetime. 


INPUT- 


CR2424 
12 
3 
5 
7 
8 
9 
11 I 111 
.OUTPUT 


+VCC 


(CASE 714G-01, STYLE 1) 


Rgure 2. Pin Configuration P/N CR2424 


APPLICATIONS 


A. Output Characteristics 
The hybrid is intended to be used as the final 
stageof very fast video circuits. Properly driven, 
it canproduce continuously alternating 10 nsec 
pixels with 40 volts swing andexcellent bright 
ness.Thenominal load-capacitance is 8.5pf. 
Other values may be accommodated, sincethe 
outputvoltage is supplied by a pairof emitter 
followers, andis fairly insensitive to changes in 
load capacitance. 


Often a wire connection of some length between 
the output of the module and the CRT cathode 
cannot be avoided. In this case a resonant circuit 
is formed, which may cause objectionable ringing 
or overshoot at its resonant frequency. Toavoid 
this condition a damping resistor must be usedin 
series with the lead inductance. For critical 
damping the value of this resistor becomes 


R - 
2 vr (1) 


A resistor is oftendesired at this position also 
for protection against arcing. In practice, the op 
timum value of resistance maybe determined ex 
perimentally during the bread-boarding stage. 
Typical values are 50 to 100 ohms. Thelead- 
inductance may be artificially increased bya few 
tenthsof a microhenry to obtain a desired peak 
ing effect.Any change in inductance will require 
readjustment of the damping resistance, as 
stated by Equation (1). 


Ashort piece of cable (75 or 93 ohm) or 300 
ohm twin-lead, terminated by a capacitance, will 
act similar to an inductance in the frequency 
range involved. Inthiscase a damping resistor 
must also be used. 


Theoutput terminal of the hybrid is not short- 
circuit proof. Any resistance from thispoint to 
eitherground or B+ should not be less than 600 
ohms. 


B. Inputand TransferCharacteristics 
The dc transfer characteristics of the module are 
shown in Figures 3, 4 and 5. 


It is seenfrom Rgure 3 that, at dc, an input 
current swing of ±6.25mA causes the output 
voltage to change by ± 20 volts. Thenext plot 
(see Rgure 4) relates the input voltage, as 
measured at RF input portto the output voltage. 
The amplifier is phase-inverting. The ratio be 
tweenthesevoltages is approximately 13.5. 
From the above values, one may calculate a low 
frequency input impedance of ~240 ohms at 
the RF input port. 


Rgure 5 is a plot that relates the input voltage, 
as measured immediately at module terminal 1, 
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to the output voltage. Theratiobetween these 
voltages is approximately 230. From the above 
values, onemay calculate a low-frequency input 
impedance of ~15 ohmsat Pin 1. 


Pin 1 is an internal dc feedback node and thus, 
as we can see, has a lowimpedance looking in 
from the outside. Pin 1 must be fed from a 
seriesnetwork made up of a resistor with a 
shunt capacitor for high frequency pre-emphasis. 
An appropriate input network is shown in Rgure 
7 and is included as part of the standard test 
fixturing. 


With the input terminal open, a dc level of 
approximately 1.4 volt exists at this point. Under 
this condition the module output voltage is 
approximately one-half of the supply voltage 


GENERAL CONSIDERATIONS 


A. Test Circuit 
Thetest circuit usedto evaluate the hybrid 
module is shown in Rgure 7. 


Theinput is driven from a fast pulse generator, 
such as the Tektronix model PG502. It is impor 
tant that the internal generator impedance is 50 
ohms. It is elsoadvisable to keep the cable 
length between the generator and the test circuit 
at a minimum; preferably only a barrel connector 
is used. 


Since the module is dc coupled, the input drive 
voltage must be adjusted such that the driving 
wave form is centered around 1.4 volts. If the 
pulse generator used should notallow thesetting 
of the dc level, a biasing current, injected at 
module terminal 1, through a resistor of more 
than 1 kiloohm, maybe applied in order to ad 
just the desired quiescent point of the output 
voltage. 


Theoutputis takenfrom terminal 9 withan ac 
tiveFET oscilloscope probe fitted witha 100:1 
voltage divider. This probe adds 1.5pfto the 
load capacitance, bringing the totalload 
capacitance to 8.5 pf. 


Theinput circuit contains a series resistor and 
capacitor inparallel, which is tuned forgood 
response when driving with a 50 ohm pulse- 
generator. These components perform a RC 
"peaking" circuit. 


B. Practical Circuits 
Themodule is best driven from a low-impedance 
source, such as an emitter follower. The reader 
is invited to experiment witha circuit as shown 
in Rgure 8. 


The drivertransistor can be an LT2001, 
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biased at about 30mA. The collectorlead must 
be by-passed for RF as closeto the transistor as 
possible. Forall common-collector (or common- 
base) circuits, a base resistorof ~20 ohmsis 
recommended. It helps suppress spurious oscilla 
tions, which may occur intheGHz range and are 
difficult to detect. Resistors Rt, R2 and R3, and 
capacitor Ci andcoil Li are adjustable for 
desired circuit gain andresponse. Typical values 
maybe: 


Rl a 
50Q 
R2«215Q 
Ct * 
90pF 
R3~ 
50Q 
Ll « 
50nH 


The pulse generator used should allow changing 
thedclevel inorder toset a quiescent bias point 
of about 1.4V at theinput of the module. 


C. Frequency Response 
In theliterature andinmany equipment specifica 
tions frequency response andrise-times areoften 
treated as having a fixed relationship. The equa 
tion frequently quoted is 


W1090SI - .35 
f3tffl (2) 


It can beshown that(2) indeed applies for the 
simple caseof a single-pole RC network. Inreali 
ty, video amplifiers have much more complicated 
transfer functions, and the above equation holds 
trueonly ina very general way. 


In addition to the proper gain response, another 
amplifier characteristic is of great importance. 
Since a symmetrical square wave consists ofa 
fundamental frequency andoddharmonics 
thereof, thepreservation of the phase-relationship 
between all frequency components, while passing 
through the amplifier, must beguaranteed. This 
requirement is tantamount to specifying a "linear- 
phase"response or, inotherterms,a uniform 
delay. Amplifiers having constant group delay ex 
hibit smooth, monotonically decreasing frequency- 
response curves. One must be wary of responses 
which show ripple ot peaking at high frequencies. 
Although sometimes impressive intarns of band 
width, such amplifiers often have poor transient 
response. Shown in Rgure 6 is the sine-wave 
frequency response of the CR2424 inits 
test fixture with theinput variables previously 
adjusted forbestrise and fall times. The output 
voltage is 20V peak-to-peak. The sine-wave sig 
nal generator hasa 50 ohm internal impedance. 
The -3dB point occurs at about200MHz. For 
40V output swings the -3dB bandwidth is 
typically 145MHz. Actual photographs of 
CR2424 output waveforms driving a 8.5pfload 
are shown in Rgure 9. 
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Figure 3. Output Voltage versus Input Current 
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Rgure 4. Voltage Ratio at RF Input Port 
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Figure 7. Test Circuit 
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Rgure 6. Frequency Response of CR2424 
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Rgure 8. Experimental Circuit 
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Scale10Vper 
Rise Time (10-90%) 
tr = 2.2nsec tr typical = 2.5nsec 
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Scale lOVperOiv. 
Fall Time (10-90%) 
tl = 2.2nsec tl typical = 2.5nsec 


Scale 10V per Oiv. 
VOUT = 40V pp f = 67Hz 
Scale lOVper O.v. 
VOUT = 40r p-p 


Figure 9. CR2424/2425 Output Waveforms Across 8.5 pF Load 


MOTOROLA RF DEVICE DATA 


7-197 


AN1022 


MECHANICAL AND THERMAL CONSIDERATIONS IN USING 
RF LINEAR HYBRID AMPLIFIERS 


By Don Feeney 
Motorola RF Devices 


ABSTRACT 
Motorola's thin film hybrid amplifiers are medium power 
(0.2 W to 2.0 W power output) broadband devices (1 to 
1000 MHz)that are biased in a class A mode for linear oper 
ation. To insure a proper electrical/mechanical interface with 
adequate RF/thermal characteristics, certain guidelines are 
presented for the design engineer to obtain maximum elec 
trical performance and the longest operating life. 


THERMAL CONSIDERATIONS 
Aquestion that often arisesfromengineers usingour hybrid 
amplifiers is "What is the thermal impedance?" Thermal 
impedance (expressed as 0jc) is a very real and important 
parameter for the RF design engineer using discrete solid 
state devices. However, this term loses its meaning ina multi 
stage hybrid amplifier. Each stage maybe biased at different 
quiescent conditions resulting in different Junction tempera 
tures under a given set of environmental conditions. Addi 
tionally, hybrid circuit design engineers may speak of 0jc 
referringto the thermal impedance of a single transistor die 
mounted on a hybrid circuitusing their particular assembly 
processes. However, this term has no meaning to the cus 
tomer using their product who can only compute the power 
consumption of the total amplifier. 
To avoid this confusion, Motorola RF Devices simply rates 
the maximum operating case temperature for their RF linear 
hybridamplifiers.These amplifiersare designed so that under 
the worst case operating conditions, the maximum junction 
temperature of any of the transistor die will be below150°C. 
This junction temperature correlates with our two years of 
accumulated reliability data which predicts an MTBF in 
excess of 142 years. 


HEATSINK YOUR HYBRID 
Likeall RF power'devices, hybrid amplifiersrequire heat 
sinking for proper operation. How much heatsinking is nec 
essary? As much as is required to maintain the case oper 
ating temperature at the maximum value under worst case 
ambienttemperature and maximumsupplyvoltage.The pres 
ence or absence of the RF signal is insignificant due to the 
class A bias conditions. Reducing the supply voltage will 
decrease the power consumption, but it willalso decrease 
the linearity.Attachthe hybridamplifierdirectlyto the chassis, 
to a module card sidewall, to a small baseplate, or to a mount 
ingbracket that is connected to one ofthe above. Butbefore 
you complete your design, verify that the maximum case 
(flange)temperature forthe hybridamplifieris within the man 
ufacturer's specified limitsunder your worst case operating 
conditions. 


One additional note of caution. DO NOT attempt to lap or 
file the heatsink of the hybrid amplifier. Not only does this 
void the warranty (considered "mishandling" by the manu 
facturer), but you can induce substrate cracking during the 
machiningoperation. Ifyou need a shorter heatsink, consider 
the hermetic package option or the lowprofilepackage avail 
able on some models. Motorola RF linear hybrid amplifiers 
are shipped witha mountingsurface flatness of ± .002".To 
improve heatsinking, thermal grease can be used. 


PRINTED CIRCUIT BOARD INTERFACE 
All Motorola RF linear hybrid amplifiers are internally 
matched to a nominal characteristic impedance of 50 or 75 
ohms, both at the input and the output. This not only reduces 
the extemal components normallyrequiredto match to these 
impedances in discrete designs, but it also simplifies the 
requirementsforinterfacingprintedcircuitboard connections 
— for short path lengths, strip line width has littleeffect on 
RF performance. 
MotorolaRF linear hybridamplifiersfeature .020"diameter 
goldplatedpins1 spaced at .100"centers. Nominal pinlength 
is .460" (.375"for hermetic package).2 There is provisionfor 
a totalof nine pins, but unused pins will be missing (refer to 
pinconfiguration diagram forthe particular hybrid amplifier). 
Viewing the hybrid fromthe top, pin1 is identified on the left. 
This is the RF input, usually transformer coupled.3 The two 
adjacent pins are ground connections. The middlethree pins 
are reserved for power supply connections. Positive polarity 
units have the power supply in pin located in the middle.4 
Units designed to operate from a negative supply have the 
powersupply connectionoffset one pin to the leftto guard 
against inadvertentinstallation inan impropertest fixture. The 
extreme righthand pin is the RFoutput, and the twoadjacent 
pins are ground connections. All ground connections are 
internally connected to the flange, except as noted on the 
functionalschematic (refer to particular data sheets). 


EXTERNAL COMPONENTS 
Although it is not specified as a requirement on the data 
sheets, itis usuallygood RF practice to add a lowimpedance 
RF bypass capacitor (e.g., 0.1 pF chip capacitor) located 
near the power supply pin. Additional decoupling is normally 
not required. However, some Motorola RF linear hybrids 
requireextemal chokes and capacitorsforproperoperation.5 
Chip capacitors are recommended. Abroadband 30 pH RF 
choke may be constructed by winding 30 turns of #36AWG 
magnet wireon a Ferroxcube891 T050/4C4core (alternate 
core is Indiana General P/N CF 12001). With an accompa 
nying order of hybrid amplifiers, this choke maybe procured 
through Motorola. 
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For Motorola hybrid amplifier model CA2820, the extemal 
chokes isolate the transistor from the power supply. Posi 
tioning of these chokes will have an effect on the high fre 
quency end of the amplitude response. 


TEST FIXTURES 
Figures 1 through 10 detail the assembly of standard test 
fixtures for Motorola's line of RF linear hybrid amplifiers. Much 
of this mechanical information will prove useful to the engi 
neer who is designing one of these units into his equipment. 
The details of the test fixture assembly for the CA2820 pre 
sented in Figure 7 apply to most of the standard RF linear 
hybrid amplifiers (just substitute PC boards, adjust pin spac 
ing, and remove external components as required). Special 


provisionsforadapting this same test fixtureforthe lowprofile 
package, the bent pin option, and the hermetic package 
option are presented in Figures 8, 9, and 10. 


1Pin diameter for hermetic package is .018". 
2These pins will mate with sockets manufactured by 
Amphenol (P/N 502-20071-572) and Barnes (P/N 027-018- 
02). 
3Except for CA2820, which has an internal DC blocking 
capacitor at the input. 
4 Except for CA2820 and CA2870. Refer to individual data 
sheets. 
*e.g. CA2820, CA2870 
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NOTES: 
1. All dimensions in inches, tolerance t .005. 
2. Material is double sided glass epoxy (G10), 
1/16" thickness. 1 02. cooper, solder plated 
3. TF-06 used lor CA2620 only. Allother models use 
TF-03. 


Rgure 1. PC Board Construction for Hybrid Amplifier Test Fixtures 
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Rgure 2. Heatsink Base Plate Construction for Hybrid 
Amplifier Test Fixture 
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Rgure 4. Adapter for Low ProfilePackageto Standard 
Hybrid Amplifier Test Fixtures 
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Rgure 5. Spacer for Bent Pin PackageOption to 
Standard Hybrid Amplifier Test Rxtures 
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Rgure 3. Adapter for Hermetic Package to Standard 
Hybrid Amplifier Test Rxtures 
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Rgure 6. Modifications to BNC Connector 
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DP 
Q 


EIGHT PIN SOCKETS 
AMPHENOL PIN 50220071 572 
BARNES P/N 027-016-02 


FOUR SCREWS. 4-40 THREAD S/S" LENGTH 


SOLDER PIN SOCKETS TO PC BOARD SO THAT 


n 
m 
ISO 
t 
005 
SLOTTED BNC CONNECTORS (FIGURE SI 
FOUR SPACERS. 00 • 
250".ID • 
116" 
LENGTH • 
250" 


RF CHOKES TRW FYN IIFI1294 


TWO 0 luF CHIP CAPACITORS 
USCC PIN W0SOFHt04AZ (or NunrMM) 
ONE OOluF CHIP CAPACITOR: 
USCC P/N W0SO8FI03AZ (or •ouNattn!) 


NOTE: POSITION RF CHOKES AS 
REQUIRED FOR BEST HIGH 
FREQUENCY RESPONSE 


Rgure 7. CA2820 Test Rxture Assembly (Case 714F-01) 
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Rgure 9. Text Rxture Assembly for Hybrid Amplifiers 
with Bent Pin Option (Case 714J-01) 
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Figure 8. Text Fixture Assembly for Hybrid Amplifiers 
in Low Profile Package (Case 7146-01) 
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ADAPTER (FIGURE 3) 
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Rgure 10. Test Rxture Assembly for Hybrid Amplifiers 
in Hermetic Package (Case 826-01) 
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MOUNTING TECHNIQUES FOR RF HERMETIC PACKAGES 


ABSTRACT 
Motorola RF Linear Hybrid Amplifiers are 
available in three package types; the plastic 
"CA" package, the low profile "CA" package, 
and the hermetic SINGLE-IN-LINE-PACKAGE 
(S.I.P.). The two "CA" type packages are dis 
cussed at length in applications note AN1022, 
•'MECHANICAL AND THERMAL CONSID 
ERATIONS IN USING MOTOROLA RF LIN 
EAR HYBRID AMPLIFIERS." The hermeti 
cally sealed package will be dealt with in this 
note. Guidelines for obtaining suitable inter 
face between these packages and the printed 
circuit board are presented as well as Hi-Rel 
screening capabilities for military applications. 
Proper attention to mechanical details will 
insure long operating lifetime with optimum 
electrical performance. 


THERMAL CONSIDERATIONS 
A question that often arises from engineers 
using our hybrid amplifiers is "What is the ther 
mal impedance?" Thermal impedance 
(expressed as fljc) is a very real and impor 
tant parameter for the RF design engineering 
using discrete solid state devices. However, 
this term loses its meaning in a multi-stage 
hybrid amplifier. Each stage may be biased at 
different quiescent conditions resulting in dif 
ferent junction temperatures under a given set 
of environmental conditions. Additionally, 
hybrid circuit design engineers may speak of 
6jC referring to the thermal impedance of a 
single transistordie mounted on a hybrid circuit 
using their particular assembly processes. 
However, this term has no meaning to the cus 
tomer using their product who can only com 
pute the power consumption of the total 
amplifier. 
To avoid this confusion. Motorola RF 
Devices simply rates the maximum operating 
case temperature for their RF linear hybrid 
amplifiers. This information is given in Table 1 
under Case Burn-In temperature. These 
amplifiers are designed so that under the worst 
case operating conditions, the maximum junc 
tion temperature of any ofthe transistor die will 
be below 150°C. This junction temperature 
correlates with our two years of accumulated 
reliability data which predicts an MTBF in 
excess of 142 years. 


HEATSINKING 
The RF S.I.P. outline is shown in Figure 1. 
This package is used for medium power ampli 
fiers with up to 15 watt of D.C. power dissi 
pation. The RF SIP package is mounted on 
the groundplane side of the printed circuit 
board, with the pins soldered on the circuit side 
of the board. This mounting technique is com 
patible with the technique used on lower power 
TO-8 packages. Due to the large amount of 
power dissipated in the package, the RC. 
board groundplane may not provide adequate 
heatsinking. Additional heatsinking will gen 
erally be required to insure that the case tem 
perature is kept below the maximum rating. 
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Rgure 1. RF SIP Option (Case 826-01) 


This additional heatsinking can be easily pro 
vided by a commercial heatsink sandwiched 
between the amplifier case and the P.C. board 
as shown in Rgure 2. How do we determine 
which heatsink willwork best for a given appli 
cation? In order to answer this question, two 
important heatsink characteristics must be 
examined. The first characteristic is the thick 
ness of the heatsink plate. Short lead lengths 
are a must foroptimum RF performance. Since 
the amplifierleads must pass through both the 
heatsink plate and the RC. board before mak 
ingelectricalcontact, the minimumlead length 
is determined by the total thickness of the 
board and plate. As a rule of thumb, this com 
bined thickness should be less than 0.190" for 
operation to 500 MHz and less than 0.165" for 


operation to 1000 MHz.The second important 
heatsink characteristic is the thermal effi 
ciency. The heatsink must provide a low ther 
mal impedance path from the amplifier case 
to ambient. Heatsink manufacturers refer to 
this impedance as »CAand they specify it in 
°C per watt. Lowvalues of 0qa correspond to 
high heatsinking efficiency.We willnow exam 
ine several heatsinks which have both thin 
mounting surfaces and high efficiency. 
For applications where air flowaround the 
heatsink is available, low cost finned heatsinks 
can be used. The heatsinks shown in Figures 
3 and 4 are of this variety. The heatsink shown 
in Rgure 3 (AAVID' #6070) has a mounting 
surface thickness of0.091" and a 0QAof7.2°C 
per watt for a 4" section. Ifthis heatsink were 
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used with a common glass-epoxy P.C. board. 
0.062" thick, the total thickness of the board 
and heatsink would be 0.152". This combina 
tion would allow amplilier operation to 1 GHz. 
Also, tor each watt ol D.C. power dissipated 
in the hybrid, the case temperature will rise 
7.2°C above ambient. The heatsink shown in 
Figure 4 (AAVID1 #60235) has a flange thick 
ness of 0.109" and a «CA°' 6.0'C per watt for 
a 4" section. For applications where air flow is 
not available, the configuration shown in 
Figure 5 can be used. Here, a custom heatsink 
was built out of aluminum and boiled to a chas 
sis (inlinite heatsink). The mounting surface 
thickness for this heatsink is 0.062" and the 
"CA was measured at 1,8"C per watt. 
In order to demonstrate this mounting tech 
nique, an amplifier was built using the heatsink 
shown in Rgure 3, and 0.062" G-10 circuit 
board. The amplifier (see photo) consists of a 
TO-8 hybrid driving an RF SIP hybrid. The 
overall gain is 29 dB from 10 MHz to 700 MHz, 
with a third order intercept point of 41 dBm. 
Total D.C. power dissipation on the board is 
6.8 watts resulting in a temperature rise of 
50°C from case to ambient. Since both hybrids 
are rated at 100'C maximum case operating 
temperature, the maximum ambient temper 
ature will be limited to 50°C. 


HI-REL SCREENING 
Motorola RF Linear Hybrids in the RF S.I.P. 
package are available with Hi-Rel screening 
to Military Standard 883C Method 5008 with 
the following exceptions: 


• 
Substitute Motorola internal visual specifi- 
caiton for Method 2017. 


• 
Substitute case burn-in temperature listed 
in Table 1 for temperature in Method 1015. 


• 
Substitute constant acceleration level in 
Table 1 for level in Method 2001. 


Consult the factory for specific requirements. 


Table 1. 


CONSTANT 
PART* 
CASE BURN IN 
ACCELERATION 
TEMP.CO § 
LEVEL 
Vcc 
METHOD 20011 


CA2800H 
100°C § 24V 
CONDITION A 


CA2810H 
100°C g 24V 
2.5KQ 


CA28I2H 
100°C p 24V 
CONDITIONB 


CA2813H 
100°C § 24V 
2.5Kb 


CA2818H 
100°C g 24V 
CONDITIONA 


CA2820H 
80"C § 24V 
CONDITIONB 


CA2830H 
100°C 24V 
2.5Kg 


CA2832H 
60"C § 28V 
2.5KJ 


CA2840H 
90°C § 24V 
CONDITIONA 


CA2B42H 
90°C § 24V 
CONDITION A 


CA2850RH 
100°C g 19V 
CONDITIONA 


CA2870H 
100°C § 24V 
2.5Kg 


CA287SRH 
100°C§ -19V 
CONDITIONA 


CA2876RH 
100°CB -19V 
CONDITIONA 


CA4800H 
100-C § 24V 
CONDITION A 


CA4812H 
100-C § 12V 
CONDITIONA 


CA4815H 
100-C § 15V 
CONDITIONA 


CA5800H 
100°C § 28V 
CONDITIONA 


CA5815H 
100°C § 15V 
CONDITIONA 
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RF LINEAR HYBRID AMPLIFIERS 


Two sources of a new family of medium power broadband gain blocks 
for RF applications. 


By Don Feeney 


Reprinted withpermission from "r.f. design" magazine 


A new class of low cost, high performance hybrid 
amplifiers has emerged to assist the design engineer 
working in the frequency range of 1 to 500 MHz. 
Utilizing the low distortion and wide dynamic range 
performance technology developed for the CATV 
industry, these amplifiers feature power output capa 
bilities previously unavailable in hybrid circuits. 


What Are They? 
RF linear hybrid amplifiers represent a new family of 
mediumpower, broadband gain blocks for multi pur 
pose RF applications. Internally matched at both the 
input and the output for either 50 ohm or 75 ohm sys 
tems, these devices cover gains ranging from 17 to 
35 dB, and can accommodate output power levels in 
excess of 400 mW. Linear class A bias conditions 
accommodate third order intercept values in excess of 
+45 dBmV. Depending on quantity and model se 
lected, most prices fall in the range of S30. to $60. 
If you've been using transistors like the 
2N3866, 
2N5109, or stud mounted devices, read on. You may 
save a lot more than just design time. 


Construction 
RF linear hybrid amplifiers utilize the thin film manu 
facturing and construction techniques developed for 
the demanding CATV industry. All ceramic substrates 
are alumina (A1203) with gold conducting paths. Resis 
tors are either cermet or 
nichrome, and are laser 
trimmed to better than one percent tolerance. For maxi 
mum MTBF, gold metallized transistor die are used in 
corporating resistive ballasting in the emitter fingers 
to provide even thermal distribution across the surface 
corporating resistive ballasting in the emitter fingers 
to provide even thermal distribution across the surface 
of the die and to eliminate "hot spotting." These tran 
sistor die are subjected to rigorous testing through 
an extensive wafer qualification program before being 
mounted on the circuit. The hybrid manufacturer must 
insure that the transistors used will meet the exacting 
requirements for gain, distortion, and noise figure. 


Basic Circuit 
To meet the stringent performance requirements of 
low distortion and low noise figure, the basic parallel 
cascade circuit shown in Figure 1 has emerged as the 


Figure 1. Single Parallel/Cascade Circuit 


standard gain block used in CATV repeater amplifiers. 
Using resistive feedback techniques to assure product 
uniformity, this basic circuit accomplishes gain func 
tions ranging from 17 to 25 dB. For higher gain models, 
two sections of this circuit are cascaded as shown in 
Figure 2. To accommodate the increased package 
density in the same form factor, the transmission line 
transformers are mounted on a bridge assembly sus 
pended above the substrate. 


Packaging Technique 
The form factor standardized by the CATV industry 
allows the hybrid amplifier to be bolted directly to the 
chassis frame for maximum power dissipation. The 
pins are located on 0.100" centers for easy connection 
to a printed circuit board. Mating sockets are manu 
factured Amphenol (P/N 502-20071 -572) and Barnes 
(P/N 027-018-02). 
One note of caution. DO NOT attempt to lap or file 
the heatsink of the hybrid amplifier. Not only does this 
void the warranty (considered "mishandling" by the 
manufacturer), but you can induce substrate cracking 
during the machining operation. 


Heatsink Your Hybrid 
Like all RF power devices, hybrid amplifiers require 
heatsinking for proper operation. How much heatsink 
ing is necessary? As much as is required to maintain 
the case operating temperature at the maximum value 
under worst case ambient temperature and maximum 
supply voltage. The presence or absence of the RF 
signal is insignificant due to the class A bias condi 
tions. Reducing the supply voltage will decrease the 
power consumption, 
but 
it will also decrease the 
linearity. Attach the hybrid amplifier directly to the 
chassis, to a module card sidewall, to a small base 
plate, or to a mounting bracket that is connected to 
one of the above. But before you complete your de 
sign, verify that the maximum case (flange) tempera 
ture for the hybrid amplifier is within the manufac 
turer's specified limits under your worst case operating 
conditions. This will insure that the maximum junction 
temperatures of the individual transistor die will not be 
exceeded (usually 140 C). 


Figure 2. Double Parallel/Cascade Circuit 
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Electrical Performance Features 


Gain 
— RF linear hybrid amplifiers are fixed gain 
devices (17 to 35 dB) which are fully cascadable for 
additional gain. If adjustable gain (AGC) is required 
for a particular application, it must be added externally 
(as with a conventional pin diode attenuator). 


Frequency Range — These hybrid amplifiers utilize 
broadband transmission line transformers and 5 GHz 
IT transistor die to achieve wide bandwidths and linear 
phase response. Although some models may be opti 
mized over a particular frequency range to fit a certain 
market, these hybrid amplifiers will often deliver satis 
factory 
performance beyond the frequency ranges 
specified by the manufacturer. 


Impedance — All hybrids are internally matched at 
both the input and the output for either 50 or 75 ohms. 
This not only reduces the external components nor 
mally required to match to these impedances in dis 
crete designs, but it also simplifies the requirements 
for interfacing printed circuit board connections. For 
short path 
lengths, strip line width has little effect 
on RF performance. 


Output Power — RF linear hybrids are often operated 
at power levels well below their 
maximum output 
capability (for example, in receiver applications). In 
such cases, operation at a reduced power supply volt 
age is recommended to reduce power consumption 
(assuming the fulldynamic range is not required). 
The maximum power capability for linear class A 
operation of these circuits may be restricted by several 
factors: 
a) The 
operating supply voltage, which limits the 
maximum AC peak to peak swing. 
b) The 
quiescent bias conditions, which 
limit the 
maximum current swing across the transformed 
load impedance. 


Reliability Screening, Military Applications 
Since reliability is a mafor factor in the profitability of 
CATV systems, the component manufacturers who 
are supplying hybrid cirucits in volume to this com 
petitive industry have developed extensive data bases 
to insure the 
reliability of their product. Additional 
reliability screens uncommon to commercial products 
are often added at the manufacturer's expense to in 
sure against field failures. Reliability is a major con 
sideration, but these hybrid devices were not designed 
to qualify to MIL-STO-883, level B. 
For example, the caps are sealed with epoxy (non 
hermetic). The physical mass of the ferrite transmit 


c) Core saturation in the output transformer, a condi 
tion aggravated by high permeability ferrites oper 
ating at high ambient temperatures. 


Changes in Performance with Supply Voltage — 
Simply as a point of reference, most RF linear hybrid 
amplifiers are characterized at a supply voltage of 
24V. However, a design engineer may operate above 
(to increase available output power) or below (to 
reduce DC power consumption) the rated supply volt 
age and observe little or no change in gain or fre 
quency response. However, certain specifications are 
directly affected by the supply voltage: 
a) Current consumption. These hybrid amplifiers are 
biased (quiescent operating point) in a linear mode 
for class A operation. The higher the supply volt 
age, the more current they draw. The lower the 
supply voltage, the lower the current consumption. 
There is a 1:1 linear relationship between supply 
voltage and current consumption. Therefore, power 
consumption varies as the squre of the supply 
voltage. 
b) Output power capability. As 
the supply voltage 
increases, so does the maximum available output 
power (higher peak to peak AC swing is possible 
across a given load). 
c) Linearity. Third order intercept, a measure of lin 
earity, is directly related to supply voltage. In many 
applications, however, these RF hybrid amplifiers 
offer more linearity than required. In these cases 
operation at 
a 
lower supply voltage is recom 
mended to reduce power consumption. 
d) Noise Figure. Just like a low noise transistor, the 
lower the bias current (or supply voltage, for these 
hybrid amplifiers), the lower the noise figure. 


sion line transformers prohibits excessive levels of 
mechanical shock and variable frequency vibration. 
However the manufacturers should be consulted for 
specific applications, because hybrid amplifiers of this 
generic 
type 
have 
qualified 
for 
certain 
military 
programs. 


Why Use a Hybrid Circuit? 
Many engineers can design a circuit with discrete 
components to do exactly what they want. Selecting 
a hybrid amplifier from a standard product line results 
in some 
compromise, 
but 
usually 
offers 
several 
advantages: 


Who Uses Them? 
Because of their wide bandwidth and linear operation. RF linear hybrids are effective for digital (or pulse) applications as well as 
lor analog waveforms. Their unique combination of hgh performance over a broad frequency range and low cost make them the 
ideal choice for a broad spectrum of major markets: 


Markets 
Communications Networks 
Long Haul or Data Bus 
Coaxial or Fiber Cable 
Communications Radios 
HF, VHF, UHF 
Commercial or Military 
Satellite Ground Stations 
High Speed Facsimile 
Telemetry 
Radar 
ECM 
Instrumentation 


Applications 
Antenna Distribution 
Cable Drivers (50Q or 75Q) 
CCD Drivers 
IF Amplifiers 
Local Oscillator Buffers 
Repeater Amplifiers 
SAW Filter Amplifiers 
Signal Processing Equipment 
Swept Measurement Testing 
Transmitter Drivers 
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Key Features 
Linear Phase Response 
Wide Bandwidth, Low Distortion 
High Power Output Capability 
Unconditional Stability and Linear 
Operation into Highly Reactive Loads 
Infinite VSWR Protection 
High Third Order Intercept 
Excellent Impedance Match 
Low Noise Figure, Wide Dynamic 
Range 


AN1024 


SATELLITE COMMUNICATIONS EQUIPMENT 


>-f= 


MUX 
(SCPC OR 
EQUIV.) 
COMBINED OUTPUT 


APPLICATIONS 
LINEAR POWERAMPLIFIER FORFM. 
DIGITAL. DATA. ORVOICE CHANNELS 


DRIVERFOR EXTENDEDLENGTHS OF COAX 


[H 


LEVELING 
CONTROL 


WIDEBAND 
FREQUENCY 
DOUBLER 


HIGH POWER 
AMPLIFIER 


APPLICATIONS 
DME, TACAN. IFFAPPLICATIONS 
RADAR. ECM. DRONE APPLICATIONS 
BROADBAND SWEPT INSTRUMENTATION 
HF THROUGH UHFTRANSMITTER DRIVERS 


HIGH POWER 
AMPLIFIER 


TRANSMITTER DRIVER 
APPLICATIONS 
HF,VHF. UHF FREQUENCY RANGE 
AMORFMTRANSMISSION 
COMMERCIAL ORMILITARYEQUIPMENT 
N-WAY POWERSPLITTER 


8/12/16 WAY 
SIGNAL 
SPLITTER 


ANTENNA DISTRIBUTOR 


Performance — The product of years of research, the 
RF linear hybrid offers the design engineer low distor 
tion levels, wide dynamic range, and noise perfor 
mance that are difficult to achieve in discrete form. 
This "extra margin" of performance may enhance the 
overall equipment design or allow more competitive 
specifications. 


Size — If space is a consideration in the equipment 
design, the added real estate required for discrete 
circuitry may be prohibitive. 


Reliability — The high degree of reliability demanded 
by the CATV industry has already been discussed. But 
given equivalent manufacturing and screening meth 
ods, hybrid cirucits offer improved system reliability 
over a circuit comprised of multiple discrete com 
ponents. This reliability improvement is a result of 
reduced package count, fewer solder interconnects 
(each interconnect is a potential failure point), and 
system level testing and screening performed by the 
hybrid manufacturer. Consequently the hybrid manu 
facturer. 
Consequently the 
hybrid 
manufacturer is 
accepting a larger responsibility for reliability. The 
delivered product is a combination of many discrete 
components tested as a complete system. Losses due 
to individual component interaction or failure are iso 
lated during the manufacturing cycle. 


Cost — The raw cost of materials to build a replace 
ment discrete circuit for a particular application is usu 
ally less than the initial price of a hybrid. However, the 
following factors are often overlooked in many equip 
ment designs: 
a) The hybrid manufacturer is absorbing the costs of 
incoming inspection, assembly, and test on the 
circuit 
he 
is providing. 
Manufacturing costs for 
equipment 
using 
discrete 
circuitry 
are 
always 
higher than equivalent equipment utilizing commer 
cially available hybrid circuits. This is especially 
true if any 
tuning or tweaking of the circuit is 
required. 
b) An 
equipment manufacturer's cost 
of 
procure 
ment and cost of stocking are higher for a multi- 
component discrete circuit than for a single thin 
film hybrid amplifier. These higher costs apply not 
only during the production build cycle, but through 
out 
the 
lifetime of the 
equipment (spare parts 
inventory). 
c) Engineering costs to design reliable replacement 
circuit. Don't forget to include the time spent in 
debugging and optimizing the circuit and the time 
spent in productions support. The manufacturers 
of these RF linear hybrid amplifiers have spread 
their development costs over more than 1,000.000 
units operating in the field. 
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HIGH PERFORMANCE RECEIVER APPLICATIONS 


RF 
AJ>— 
BAND 
PASS 
FILTER 
AGC 
Ay>— 


BAND 
PASS 
FILTER 
^^N^ 
IF 
• 
a y—o 
° 
vy 


LO 
O— A^> 1 
V 
APPLICATIONS 
LINEAR IF AMPLIFIER 
BUFFER AMP FORHIGHLEVEL MIXER 
REPEATER AMPLIFIERFORFIBER OR 
COAXIAL CABLECOMMUNICATIONS 
HIGHDENSITYPACKAGING 


ELECTRO/OPTICAL EQUIPMENT, SAW APPLICATIONS FIBER OPTIC APPLICTIONS 


<H%)-{*>- 


MATCHING 
NETWORK 
A/0 
MODULATOR 


J~L, 


SIGNAL 
PROCESSOR 


Is the RF Linear Hybrid The 
Right Choice For My Design? 
In the end, the choice between a standard hybrid am 
plifier and a discrete circuit must be made by the de 
sign 
engineer. Find 
out what's available from the 
various manufactureres, what their prices are, 
and 
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RELIABILITY CONSIDERATIONS IN DESIGN AND USE OF 
RF INTEGRATED CIRCUITS 


By 
James Humphrey and George Luettgenau 


ABSTRACT 


Reliability is a major factor in the profitability of CATV 
Systems. 


In spite of its proportionally low cost, the RF integrated 
circuit figures prominently in the overall reliability pic 
ture. This complex and important function is located at 
strategic points in the system. 


Fortunately, modern design and manufacturing tech 
nology, which draws extensively from resources gener 
ated by military and space activities, assures a degree of 
reliability which is compatible with the most stringent 
requirements. 


Transistor chips are the most vital elements of the RF 
integrated 
circuit. 
Low 
noise and 
distortion 
require 
state-of-the-art transistor structures. Gold metallization, 
thermal equilibrium 
by means of diffused balancing 
resistors, as well as automated process control have 
resulted in transistor lifetimes of over 100 years. 


One of the inherent reliability advantages of IC's is the 
reduced number of interconnects. The full benefit of this 
characteristic is achieved through the use of gold con 
duction paths in conjunction with gold wire bonding. 
Perhaps the single most dangerous enemy of high re 
liability is excessive heat. Careful, computer-aided circuit 
design 
coupled 
with 
thermally 
sound, 
stress-free 
mechanical construction guarantee structural integrity 
and safe operating temperatures under all practical 
conditions. Infrared scanning helps verify the achieve 
ment of design goals. 


Abuse or abnormal stresses may counteract the best of 
reliability. 
In order to avoid problems, the user must 
control the electrical, thermal, and mechanical environ 
ment surrounding the RF IC. Much progress in this 
respect has been made by the equipment industry. 


INTRODUCTION 


Reliability 
considerations are 
becoming 
increasingly 
important in the operation of CATV Systems, requiring an 
absorption of military and aerospace reliability tech 
nology into the CATV business. Market surveys show a 
large number of MSO's and consultants consider re 
liability as a major item in equipment selection. 


A definition of major reliability terms is important along 
with an introduction to microcircuit reliability tools (both 
hardware and software). 


An overview discussion of 
Physics of Construction 
involved with the die and interconnects must be pre 
sented. 


DEFINITIONS 


R = Reliability 


Reliability is related to the probability that an item will 
perform a defined task satisfactorily for a specified 
length of time, when used for the purpose intended, and 
under conditions for which it was designed to operate. 


Failure 


Failure is a detected cessation of ability to perform a 
specified function within previously established limits in 
the area of interest. 


(a) Dead on arrival 
(b) Infant mortalities 
(c) Lifetime failure rates (random) 
(d) End of life (wearout) 


MTBF (Mean Time Between Failures) 


The total measured operating time of a population of 
equipment, divided by the total number of failures within 
the population during the measured period of time. 


Average Life 


The mean value for a normal distribution of lives, and 
generally, it applies to failures resulting from wearout. 


BASIC RELIABILITY EQUATION 
r = e"/m = e" 


Where: R = Reliability or probability of success 
' 
= 
Mission time in hours 
hours 
"» = 
MTBF in hours = 


* = 
Failure rate 


failures 
1 
_ 
failures 
hours 
MTBF 


SYSTEM RELIABILITY 
1. When componentsare inseries, failure of any one of 
the components will result in failure of the system. 


Then: Rjr,r«« 
= 
RixR,xR,x—FU 
A-SYSTtM 
~ 
A] +Aj +Aj + 
Xf, 


2. When the same components are in parallel (redun 
dancy) neglecting, for simplicity, the decision-making 
device, the switchover function and the 
fail safe 
requirements: 


r\SYSTEH 
~ 
Rl T Rj - (R| Rl ) 


RELIABILITY CURVE 


The following curve represents the typical condition of 
operational reliability. 
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A = 
Failure 
Rate 


Infant Mortality Plus 
Random Failures 


RELIABILITY PREDICTION ALGORITHM 


The military has put considerable money and time into 
the study of reliability.One very useful militarydocument 
is 
Military Handbook 217B, Reliability Prediction 
of 
Electronic Equipment. This handbook shows how to 
develop failure rate predictions by the use of mathe 
matical models based on years of data collection by 
military agencies. A discussion of the interaction of 
components in the model is very useful in gaining an 
understanding of the overall subject. 


PART FAILURE RATE MODEL A, 


A, = 
A» (itr xnrxno xn> xn»f) 


Where: 
A, = 
Part failures in failures per 10* hrs. 
A* 
= 
Base failure rate 
nT = 
Temperature adjustment factor 
nt 
= 
Environmental adjustment factor 
rto = 
Adjustment factor based on quality 
itF = 
Adjustment factor for circuit function 
= 
0.8 for digital hybrids 
= 
1.0 for linear hybrids 
= 
1.1 for combination hybrids 
nM = 
Adjustment factor for maturity of product 


BASE FAILURE RATE MODEL At 


At = Aj + A.A. + ZA,,rNjir (Substrate contribution) 
+ IXocNoc (Attached components contributions) 
+ Xprttpr (Package contributions) 


Where: 
At = 
Base failure rate in failures/10* hr. 
At = 
Failure rate due to 
the substrate 
and film processing 
A.A, 
= 
Failure rate contributions due 
to 
network complexity and substrate 
area which includes: 
(a) Number of lead terminations 
(b) Number of film resistors 
(c) Number of discrete chip 
devices 
(d) Type of film (thin versus thick) 


ZArtNrt 
- 
The sum of 
the failure rates for 
each resistor as a function of the 
required resistance tolerance 
SAocNoc 
= 
The sum of the attached device 
failure rates for semiconductors 
and capacitors 
Xprtirr — The hybrid package failure adjusted 
to include material and style 


Wearout Plus 
Random Failures 


PHYSICS OF CONSTRUCTION 


Following the enumeration and identification of symbols 
used in reliability algorithms, a discussion of the major 
microelectronic components with respect to their re 
liabilitycontributions is in order: 


TRANSISTORS 


The transistor die is the heart of the hybrid amplifier. With 
four to eight devices per circuit, the transistor determines 
performance and is most critical to proper circuit oper 
ation. 


During the last few years users have witnessed major 
advances in the performance of linear broadband tran 
sistors. Often, efforts to improve one characteristic have 
adverse effects on other desirable features. For instance, 
distortion may be bettered by 
thinning the epitaxial 
collector region. This, however, leads to sensitivity to 
voltage transients and other abnormal operating con 
ditions. Therefore, devices with outstanding performance 
in one area are prone to weakness in others. Computer- 
aided device design coupled with volume production and 
tight process controls have resulted in transistors in 
which all essential features are in proper balance. 


High fr is generally recognized as an important factor in 
achieving wide bandwidth and uniform distortion char 
acteristics. Gigahertz transistors, which are now being 
used, have very delicate patterns, involving micron and 
submicron tolerances. They also occupy sizable areas 
on the silicon wafer, since watt-sized powers have to be 
handled. It is only realistic to expect that all parts of the 
overall transistor structure are not perfectly alike, but 
rather resemble the 
parallel 
configuration of many, 
slightly differing, small devices, as shown in the figure. 


Ballast Resistors 
^\r 
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It is also apparent that the entire transistor geometry 
cannot be tightly thermally coupled within itself, therefore 
giving rise to the possibility of small sub-areas of the 
transistor assuming different values of temperature than 
others. This possible problem can be effectively corn- 
batted by 
adding 
emitter balancing resistors 
to 
the 
device. Ideally each emitter-site or finger should have its 
own resistor. This goal is easily realized in interdigitated 
structures. Film or diffused monolithic resistors may be 
used. From a process and reliability point of view, dif 
fused resistors are preferred because they avoid the 
silicon-oxide barrier which has a 
very high 
thermal 
resistance. 


Diffused Ballasting System 
(Only one emitter contact shown) 


Dillused 
Resistor 
"Os 


METAL MIGRATION 


Some time ago a serious failure mechanism, associated 
with GHz transistors, was discovered. The metallization 
stripes of such devices, as mentioned earlier, are only a 
few microns wide. The metal thickness is, because of 
fabrication 
limitations, 
of 
similar 
dimensions. 
Conse 
quently, Ihe current density in these stripes is quite high, 
often reading hundreds of thousands of amperes per cm' 
of 
cross-section. 
Under 
these 
circumstances, 
metal 
migration may occur. With such large numbers of elec 
trons flowing in such crowded space, the probability of 
collisions with thermally activated metal ions is great. The 


ions are propelled in the direction of electron current 
flow causing, in the long run. the metal to move, forming 
hillocks, whiskers and voids. The lifetime of a transistor 
is a function of three things: the current density, the 
temperature, and the type and consistency of metal 
lization. 


Not much leeway exists in reducing the current density 
(unless f, is sacrificed). Changing from aluminum to gold 
extends the life at least by an order of magnitude. At high 
temperatures the difference is even more pronounced. 
At 150°C. the time to metal failure for gold metallization 
microwave transistors is in excess of 10* hours = 
114 
years. While this number is quite comforting, one is not 
at liberty to treat the subject of transistor chip heat 
sinking too lightly. A proven method for removing heat 
while 
at the same time obtaining a solid mechanical 
mount, has been to employ a heatspreader between the 
silicon chip and the IC substrate. Automatic mounting 
stations are used to eutectic collet mount the chip to 
indexed leadlrames. Tight control of pressure and scrub 
sequence result in defect free attachment. Although one 
may employ other methods of heatsinking. e.g. beryllium 
oxide substrates 
lor 
part 
of 
the 
circuit, the 
added 
mechanical complexity and 
the reduced 
freedom 
of 
optimal circuit 
layout 
presently outweight the 
minor 
advantages 
resulting 
from 
a 
reduction 
in 
transistor 
temperature. 


INTERCONNECTS 


One of the most important parts of hybrid circuits is the 
interconnect system. The ability to reduce the number, 
control the quality, and test them by screening complete 
functions, is one of the 
major advantages of hybrid 
circuits over more conventional approaches. Constant 
improvement in the mechanical and metallurgical sys 
tems have drastically improved reliability. 


An analysis of 
the schematic on the standard 33dB 
Hybrid Amplifier will illustrate the point: 


Comparing hybrid versus discrete techniques, one can 
show the following: 


1. For each 
transistor used, 
a 
minimum 
of 
three 
interconnects corresponding to the solder joints at 
the PC board are eliminated. 
2. For each capacitor used, a minimum of two inter 
connects are eliminated. 
3. For each film resistor used, a minimum of 
four 
interconnects are eliminated corresponding to the 
connection to the resistor body and the connec 
tion to the PC board. 
4. Transformer interconnects will be the same for 
hybrid or discrete. 


The increase in interconnects in building 33dB of gain 
in discrete form over the same circuit in hybrid form is: 


24 
12 
100 
0 


Add due to transistors 
= 
Add due to chip capacitors 
= 
Add due to resistors 
= 
Add due to transformers 
= 
Less due to hybrid jumpers = 
Less due to active pins 
= 
-4 
-5 
127 Additional inter 
connects per 
33dB function 


MIL Handbook 217B also discusses the reduction 
in 
reliability of printed circuit boards as a direct multiple of 
the holes required. Eighty-one additional holes are in 
volved in making one discrete amplifier. 


MOTOROLA RF DEVICE DATA 


7-210 


AN1025 


33dB Gain Block 


Having the interconnects made early in the manufactur 
ing sequence, before the subsequent series of tests and 
inspections, has beneficial influence on end equipment 
reliability. 


The complete functional system including interconnects 
is tested, screened and Q.C. sampled many times before 
it even meets up with the PC board in the manufacturers 
subsystem. 


Interconnects 


Die 


Solder 
Jumper Bond 
Die Bond 
I 
\ 
V 


Heatspreader 


Capacitor 


COMPONENT MOUNT 


The transistor heatspreaders, chip capacitors and pin 
connections are soldered to the metallization pattern on 
the substrate surface. This process is completed in a 
tightly controlled solder reflow furnace. 


Due to the fact that the units are processed in an inert 
atmosphere and thoroughly cleaned and inspected early 
in the production process, workmanship problems are 
greatly reduced. 


BONDS 


Wire bonding was a major reliability issue for years. 


C? 


Aluminum has been one of the most widely used bonding 
systems in the hybrid industry for many years. The main 
reason for this is that ultrasonic aluminum systems bond 
at room temperature and. hence, do not interfere with 
other hybrid assembly processes. 


Gold thermal compression ball bonding has been a 
reliable standard process in the semiconductor industry 
for years. However,the requirement for 30O°C bonding 
temperatures have kept this technique out of most 
hybrids. The recent changeover to all gold hybrids 
prompted the development of a compatible low temper 
ature gold wire bonding system which by far out-performs 
aluminum. 


Advantages of Aluminum Bonds 


Low temperature process 
Compatible with Aldie metal 
Low cost 
High speed 
Easy to loop (stiff) 


Disadvantages of Aluminum Bonds 


Degrades with time/temperature 
Kirkendall voiding 
Intermetallic formation with gold 
Brittle and subject to cracks 
Difficult to screen 
Difficult to control 


Advantages of Gold Bonding 


Compatible with gold die and substrate 
Strength stable with time/temperature 
Malleable — not subject to cracking 
Easier to control process 


Disadvantages of Gold Bonding 


More expensive 
More deformation at bond foot 
Hard to form loops 
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Histogram of Gold Versus Aluminum 
Bond Strengths 


Strength (Gram) 


Strength Versus Time on Gold Versus 
Aluminum Wire 


Strength 


T = 
150°C 


Gold 


Aluminum 


RELIABILITY ADJUSTMENT FACTORS 


Following is a discussion of the "n adjustment factors" 
in 
MIL Handbook 217B 
These relate to Ihe external 
influences on hybrid circuit reliability. 


TEMPERATURE ADJUSTMENT FACTOR IT, 


Operating temperature is one of the most important 
factors in reliability. As can be seen by the curve shown, 
great reliability improvements can be obtained by lower 
ing the case temperature 


Failure Rate Multiplier Due to Temperature 


This curve shows that a hybrid circuit, operating at a 
case temperature of 100°C. has four times the failure 
rate as the same circuit run at 50°C. 


ENVIRONMENTAL ADJUSTMENT FACTOR n, 


This adjustment factor is based on the service environ 
mental conditions that the part will be exposed to during 
operation. 


n,, Environmental Factor Based on Environmental 
Service Conditions 


Environment 
Symbol 
n/ 


Ground, Benign 
G„ 
0.2 


Space Flight 
s, 
0.2 


Ground Fixed 
G, 
1.0 


Airborne, Inhabited 
A 
4.0 


Naval. Sheltered 
N, 
4.0 


Ground, Mobile 
G„ 
4.0 


Naval, Unsheltered 
N, 
5.0 


Airborne, Uninhabited 
A 
6.0 


Missile, Launch 
M, 
10.0 


MATURITY ADJUSTMENT FACTOR n„ 


The failure rate predicted by this mechanical model can 
be expected to increase by a factor of (m, = 10) under 
any one ol the following conditions. 


(a) New device in initial production. 
(b) Where major changes in design or processes have 
occurred. 
(c) Where there has been an extended interruption m 
production or a change in line personnel (radical 
expansion). 


The factor of 10 can be expected to apply until con 
ditions and controls have stabilized. This period can 
extend for as much as 6 months of continuous pro 
duction. 


This maturity factor is extremely important. The industry 
has used over 400,000 CATV modules since the first 
module was shipped in 1970 Since that lime we have 
constantly improved and refined the IC. Optimum re 
liability is an evolutionary process depending on time, 
volume, defect analysis and feedback to fine tune the 
product and eliminate defects. 


The question is where does CATV fit into this table. 
Mechanical and thermal casting designs are extremely 
important in protecting the RF 
IC from 
the external 
environment conditions. Still, wide variations in system 
placement introduce a swing factor for environmental 
effects, which will cause n, for CATV to fall between 1.0 
and 5.0. 


The user must strive to keep the components as close to 
laboratory zero as possible. 


QUALITY ADJUSTMENT FACTOR ny 


This is the adjustment factor based on the quality grade 
of the product. This factor modifies the reliability levels 
by the different quality levels specified in MIL STD 883. 
Test 
Methods 
and 
Procedures 
for 
Microelectronics. 
These levels take into account different screening levels, 
qualification levels and quality conformance inspection 
requirements for the specified class. 
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MIL STD 883 Class A 
MIL STD 883 Class B 
Vendor Equivalent Class B 
MIL STD 883 Class C 
Commercial with Screening 
Commercial (No Screening) 


0.5 
1.0 
5.0 
30.0 
50.0 
75.0 


Astudy of the MILSTD 883 Quality Requirements allow 
a very important discussion of cost versus reliability. As 
could be expected the test, manpower, equipment, time 
and paperwork go up rapidly as the MIL STD Grade is 
increased. A relative plot of this relationship is shown 
below: 


Cost Versus Reliability 


Space Reliability t 


Optimum Screening / 


Increasing 


Costs 


Average Grade, 


Lower Grade 


Upper Grade J 


Many of the MIL Standard Military requirements seem 
unimportant in influencing CATV reliability. However, the 
cost versus reliability curve is real and the equipment 
supplier can make choices as to the type of reliability he 
is willing to pay for. 


EQUIPMENT 


It takes a massive capital investment in order to meet the 
manufacturing requirements for the CATV industry. The 
volume, quality and performance standards required 
have caused us to constantly reinvest for the future. 
Many of the invested dollars are for equipments for 
which the return on investment is subjective. 


SCANNING ELECTRON MICROSCOPE 


This instrument allows very high magnification of surface 
conditions not available with optical methods. Magni 
fications up to 100.000 times are possible with the SEM. 


DISPERSIVE X-RAY ANALYSIS 


This capability, which is a feature of the SEM, allows us 
to make a microprobe to determine the chemical com 
position of a sample. This is accomplished by detection 
of secondary emission x-rays which possess char 
acteristic energies. The relative quantity and location of 
elements may then be displayed on the CRT. 


VARIABLE FREQUENCY VIBRATION 


This is a destructive test which is performed for the 
purpose of determining the effect on component parts 
of vibration in the specified frequency range. 


X-RAY 


This is a very valuable tool for detecting voids in solder 
or eutectic bonds. 


INFRARED MICROSCOPY 


The ability to examine a circuit thermally under oper 
ating conditions is absolutely necessary when designing 
a new product or testing a new process. The infrared 
microscanner is used for evaluation of new products 
from the standpoint of thermal resistance and operating 
temperature. Resolution of 0.0005 inch can be achieved. 


CONCLUSIONS 


• Many reliabilitytools are available today both in equip 
ments for evaluation of reliability and in analytical tools 
such as 
MIL Handbook 
217B 
for 
predictions of 
reliability. 


• Hybrid circuits offer massive reliability leverage due to: 
(a) Reduction of Interconnects 
(b) Abilityto control quality by screening 
(c) Large volume of complex standard functions are 
easier to control 


• Case temperature is very important for reliability 


• A monometallic system, i.e., gold die metallization and 
gold wire bonding are optimum for reliability. 


• Reliabilitycan be improved by adding quality cost to the 
module process. This increased cost may easily be 
returned due to the lower failure rate. 
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EXTENDING THE RANGE OF AN INTERMODULATION 
DISTORTION TEST 


More often than not, a system's intermodulation 
distortion is characterized by its third-order in 
tercept value, the most widely accepted figure of 
merit for indicating the linearity of a system. 
Even though IMD is extremely difficult to 
measure accurately and with repeatability when 
low signal levels are introduced intothe device 
under test, precise measurements can be made 
at levels as low as 100 decibels below the 
desired carrier (input-signal) point. Thesecretis 
to add a tunable bandpass filter to the measuring 
system and to reduce the nonlinearities inherent 
in the test system, thusmaking it possible to 
determine third-order intercept values of up to 
+50dBm, which is more than 20dB above that 
of mostmeasuring systems nowin use. 


Third-order intermodulation products are 
generated as shown in part (a)of the figure. 
Consider two signals, ft andf2, that are applied 
to the input of a device that has a non-linear 
transfer function. If the output power is equally 
distributer! at bothfrequencies and the frequen 
cies are closetogether, equal power-distortion 
productswill occur at 2fi-f2 and 2f2-fi. 


Themagnitude of these unwanted products, 
expressed in decibels below the output Po,is 
defined as the systemIMD. Thethird-order inter 
ceptmay then be found byits defining equation: 


I - P(dBm| + iM0(dB)/2 
(1) 


where IMD is the third-order product produced by 
the I intercept value, measured in decibels. 


An IMD setuphaving wide dynamic range is 
shown in (b). Inthiscase, measurements are per 
formed at 30 to 500 MHz, although the 
guidelines set forth herewill allow accurate 
measurements at any frequency. 


Thefirst step in measuring IMD and thussecur 
ing the third-order, intercept of a device is fre 
quently the most difficult to attain - that of 
combining two inputtones to the device under 
test without introducing distortion or spurious 
responses. For fixed-input-frequency setups,filters 
can be employed to eliminate harmonics 
generated by fi and f2. If the input frequencies 
are variable, cavity oscillators should be usedin 
stead of sweepgenerators, because the latter's 
harmonic content is too high. 


Thebest method for combining the two signals 
linearly is to use a resistive power combiner as 
shown, so that the composite signal generated 
will be virtually clean(nononlinearities). To 
reduce third-harmonic distortion between the ft 
and f2 generators, 10dBattenuator padsshould 
be usedbetween the cavity oscillators and the 
power combiner. Using both the pads andthe 
combiner guarantees a broadband input source 
with constant characteristic impedance facing the 
device under test. As the requirement fora 
broadband resistive source of constant impedance 
alsoapplies to the loadfor the test device, it is 
wise to use a 10-dBattenuator here, as well. 


The system's measuring range is improved by 
placing a five-pole bandpass filter inthe 
postamplifier chain. Having a bandwidth of less 
than Aif/, this filter rejects unwanted signals ft, 
(2,thus eliminating strong but unwanted signal 
responses that tend to limit thedynamic range 
of (thatis, desensitize) the test system. 


For thosenot familiar with the procedure, IMD 
and third-order intercept are found as follows: 


• Set channel spacing to the desired Af (6 
megahertz for the system shown in the figure). 


. • Set reference signal f3 to 2ft-f2. 


• Using a power meter, set Po to the desired 
output power level foreach of the threesources 
independently. Connect only one sourceat a 


time. 


• With f3 connected, tune the bandpass filter to 
f3. With the variable attenuation at 30 to 50 
dB, set a reference level on the spectrum 
analyzer. Make sure the postamplifier is not in 
compression by inserting 30 to 50 dBof addi 
tional attenuation. One should then observe 30 
to 50 dBof signal reduction on the spectrum 
analyzer. 


• Apply fi and f2. Decrease attenuation in the 
variable attenuator to bring the signal within 
range of the analyzer. Add the change in at 
tenuation to the value of suppression as readon 
the analyzer to obtain IMD. 


• Adjust 13and filter to 2f2-fi and repeat all 
steps. IMD shouldbe within 3 dB of the first 


measurement. 


• Calculate the third-order intercept from Eq. 1. 
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Wide range.Intermodulation distortion is created if two input frequencies passthrough a nonlinear device la). Systemmeasures IMD overwider range thanstandard setupsby using cavity 
oscillators to reduce harmonic generation, tunable bandpass filer for rejection of IM components notmeasured against ft, or f2 (2(2-11 or 2fl-f2, respectively), andpower-splrtter forbiear 
combiner of fl and <2. Pads(6dB and 10dS) offer isolation between system etemems.Withsetup, measurements of IMD can be madeat levers lOOdBbelow carrier. 
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RELIABILITY/PERFORMANCE ASPECTS OF CATV 
AMPLIFIER DESIGN 


By 
Michael D. McCombs 


ABSTRACT 


The reliability advantages to be offered by the RF hybrid 
amplifier as used in CATV applications are discussed. 
The active part of the hybrid amplifier is the transistor. 
Metallization, ballasting and ruggedness are reliability 
related factors that must be considered by the device 
engineer when designing a high performance CATVtran 
sistor. Vertical and horizontal geometry and device 
distortion mechanisms are performance related factors 
that must also be taken into account. The interrelation 
between these factors is examined. Life test data is then 
presented to illustrate the advantages to be gained by 
careful device design. 


I. 
INTRODUCTION 


The cable television system operator buys equipment 
which he knows has demonstrated a certain minimum 
level of performance, or in other words, equipment that 
meets his specifications. If he questions this perform 
ance he can run various electrical tests to check it. 


Another question that we would like to be able to answer 
is, how long will his equipment operate before it fails, 
costing him downtime and repair. This is the question of 
reliabilityand tp understand this it is necessary to under 
stand the factors that go into designing tor reliability. 


The primary building block of a reliable CATVamplifier is 
the RF integrated circuit. This concept possesses many 
advantages over the PC board discrete design including 
a reduced number of interconnects and the ability of the 
manufacturer to 
effectively test the 
system 
before 
delivery to the equipment manufacturer. 


Going one step further, the basic constituent of the 
integrated circuit is the transistor itsetf. Itis in the design 
of this transistor that the ideals of high performance with 
reliability can be effectively realized. 


The ultimate test is to see how long a part operates in 
the field without failing. The best way to simulate this is 
by means of a life test. Life test data is included as a 
means of demonstrating the results of a careful design. 


II. 
WHAT IS RELIABILITY 


One definition could be that reliability is something that 
can cost you money if you don't have it. The dictionary 
defines reliability as "the quality describing that which is 
dependable or honest." To build honest transistors and 
amplifiers is a noble concept but one which may be 
difficult to measure. So in the everyday sense, reliability 
is a somewhat abstract idea that is difficult to describe 
quantitatively. In engineering, however, reliability has an 
exact meaning. 


"Reliability is the probability of a device per 
forming its purpose adequately for the period of 
time intended under the operating conditions 
encountered."4 


When an amplifieris designed for a certain level of gain, 
it may happen in practice that the gain is less than that 
called out in the specification. In certain cases this may 
be acceptable ifthe amplifierturns out to be very reliable. 
However, another amplifier, which supplies the full gain 
with ease, may breakdown in operation because its 
components are being taxed to their limits.This is where 
reliabilityenters the picture. It is possible to achieve full 
performance and still have state-of-the-art reliability.5 
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We said that reliability is the capability of equipment not 
to break down in operation. The measure of an equip 
ment's reliability, then, is the frequency at which failures 
occur in time. A failure is a malfunction which causes the 
component to 
violate the requirement for adequate 
performance. The frequency of such failures is called the 
failure rate. The reciprocal of the failure rate is called the 
mean time between failures or MTBF. 


A = 
Failure Rate 
j- = MTBF 


Referring to Rgure 1, it is seen that there are three basic 
types of failures; early, chance and wearout failures.1 


Early failures occur early in the life of a component and 
result usually from poor manufacturing. These can be 
eliminated by a 'burn-in' process. 


Wearout failures are a symptom of component aging. 
These types of failures can be eliminated by either 
replacing at regular intervals or by designing for longer 
life than the intended life of the equipment if the com 
ponents are inaccessible. 


Chance failures occur at random intervals and are due to 
sudden 
stress 
accumulations 
beyond 
the 
design 
strength of the component. Since the other failure types 
are relatively easy to eliminate, performance reliability 
should be determined by the chance failures. 


For chance failures only, reliability may be expressed by 
the exponential relationship 


R(t) = e-*t 


where X is the failure rate and t is a given operating time; 
t must never exceed the 'useful life' of the device. The 
derivation of this reliability expression is found in the 
Appendix. 


System failures are caused by component failures. When 
components can failonly because of chance, the system 
will fail only because of chance. The design engineer is 
responsible for the reliability which is characteristic of his 
equipment. Ifhe desires to reduce the number of chance 
failures which occur during the useful life period of his 
equipment, he must keep several key points in mind.5 


mean wearout life 
Operating Life—»• 


Rgure 1. Component Failure Rate as a Function of Age 


Design components to accept overstress; the 
normal operating point should be well below rated 
values, including temperature. 
Provide 
good 
packaging 
with 
adequate 
heat 
sinking. 
Design with as few components and interconnects 
as possible. 


III. 
HYBRID CIRCUIT RELIABILITY 
ADVANTAGES 


The hybrid circuit is the heart of the CATV amplifier. This 
assembly must perform its duty while experiencing a 
variety of electrical and environmental extremes. If the 
hybrid circuit should fail, then the cost to the system 
operator is high. For this reason the hybrid circuit should 
be an extremely reliable piece of equipment. 


There are certain qualities of a hybrid circuit which make 
it an inherently reliable assembly. 


One subtle advantage relates to the wear out life of 
components. Replacement of a hybrid circuit means 
replacing every amplifier component which resets the 
clock on the entire amplifier as far as mean life is con 
cerned. Replacing a component in a discrete amplifier 
does not. All of the other discrete components continue 
to approach their wear out life. 


The 
metallization 
system of the 
hybrid 
is 
another 
advantage. The gold metallization which is used for inter 
connects on the hybrid circuit allows the designer to 
have the high conductivity of gold for use in tying to 
gether the various components of the circuit, while 
having the additional reliability advantage of a mono 
metallic gold system in wire bonding from the transistor 
to the hybrid. Even though the hybrid circuit utilizes heat 
sinking to reduce heat buildup, any bi-metallic interface 
will be susceptible to 
failure due to intermetallic for 
mation. These gold-aluminum intermetallics are more 
brittle than the parent metals, and they also are sus 
ceptible to void formation due to the faster diffusion of 
aluminum into gold compared with gold into aluminum 
(Ktrkendall 
Effect). If a hybrid circuit is manufactured 
using die with aluminum metallization, it is certainly pre 
ferable to use aluminum for bonding. This is because the 
gold-aluminum interface willthen occur on the substrate, 
away from the heat of the transistor. This is important 
since the formation of intermetallics, AuAd or AujAl,, 
is accelerated by temperature. However, these inter 
faces, even though they occur on the substrate, are 
nonetheless sensitive to weakening. Which intermetallic 
compound is formed depends on the amount of gold 
available in the bonding area. If the gold is thin then 
AusM will be formed. If the gold is thicker then Au, Al, 
will be formed. The end result is the same; voiding and a 
weak bond which eventually lifts. The entire process 
can be accelerated by thermal cycling whereby cracks 
are formed in the brittle intermetallics.3 Data presented 
later illustrates the comparison between failure rates due 
to bond lifts in aluminum and gold systems. 


Another advantage which hybrids enjoy over discrete 
designs is the reduction of the number of interconnects. 
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An interconnect is a potential failure point. Reduction of 
the number of these points will result in a more reliable 
system. A calculation of the additional interconnects 
required in a typical discrete amplifier over the hybrid 
equivalent shows an increase of 127 interconnects in 
the discrete version.1 
Figure 2 summarizes hybrid life 
test data. 


So it is apparent that the hybrid structure is inherently 
more reliable than a discrete assembly. But the heart of 
the amplifier, be it hybrid or discrete, is the transistor. 


Reliability Data at 95°C Case Temperature 


Part 
Description 
Unit Hours 
Accumulated 


« 
Fall 


MTBF With 
90% 
Confidence 
MTBF-Gain 
Product 


Transistor Chip 
7,398.000 
3 
141 Years 
- 


CA2200 Hybrid 
984.000 
4 
13 Years 
221dB —Yrs 


CA2600 Hybrid 
577.000 
4 
8 Years 
264dB —Yrs 


IV. 


Figure 2. Hybrid Circuit Life Test Data 


RF TRANSISTOR DESIGN 
CONSIDERATIONS 


The performance which can be obtained from the 
amplifier is determined, in the end, by the transistor. Not 
only must the transistor provide performance, however, 
it must provide this performance for a reasonable length 
of time, if the transistor fails, then the hybrid fails and 
cost to the system operator is the result. 


When the transistor engineer begins to design a device 
for use in CATV amplifiers, then, he is faced with two 
main requirements. The device must offer a certain level 
ot performance and it must do its job reliably. We willnow 
investigate the RF transistor and the considerations that 
go into its design. 


1. Starting Material 


Modern transistors are built using what is called the 
planar technology. This name arises from the fact that 
all areas of the transistor are found on the planar surface 
of the silicon wafer. Rgure 3 illustrates a cross-section 


Emitter 
y 
z: 
~Z~ 


Base 
, 


Epitaxial Collector 


Substrate 


Rgure 3. Planar-Epitaxial Technology 


of a typical transistor structure as built using the planar 
technology. The first job of the designer is to decide 
what starting material he wishes to use for his transistor. 
The starting material consists of a wafer of silicon, 
approximately 10 mils thick and typically 2 inches in 
diameter. This silicon has been grown in crystal form 
while introducing a large concentration of impurities. This 
substrate silicon, then, is very heavily 'doped' so that the 
resistivity is very low. On the surface of this low re 
sistivity silicon wafer is then grown a layer of silicon 
which is not so heavily doped so that the resistivity of 
this layer is higher than that of the substrate. It is the 
configuration of this 'epitaxial layer' that is very important 
to the performance of the device. It is this layer that will 
form 
the collector of 
the transistor. There are two 
parameters of the epi layer that can be specified by the 
engineer. One is the thickness and the other is the 
resistivity. 
The 
resistivity is chosen 
from operating 
voltage considerations. The transistor is intended for a 
specific purpose and presumably the voltage at which it 
willbe operating is known. Ifthe device willbe biased at 
20 volts in an amplifier, then the collector breakdown 
voltage of the transistor, BVceo, should be higher than 
20 volts to provide a safety cushion. The phenomenon 
that occurs in a well-designed transistor at breakdown is 
called avalanche. This occurs when a sufficiently high 
reverse voltage is placed across a p-n junction. Afield is 
formed across this junction and carriers are accelerated 
across the field. When the applied voltage equals the 
avalanche voltage a multiplication effect occurs in which 
atomic bonds are broken and the junction breaks down. 
This is the collector breakdown voltage and it is pro 
portionalinversely to the doping level of the collector or 
epi layer. By specifying epi material, then, the designer 
sets his voltage operating limit. 


The other epi parameter of interest is the thickness of 
the layer. Ithas been found that epi thickness is closely 
tied in to both device reliability and performance. One 
parameter that is commonly, used to describe high- 
frequency transistors is fr. This is the gain-bandwidth 
product of the device or the frequency at which the 
common-emitter, short circuit current gain, hn, equals 
unity. Ahighfr means to the circuitdesigner better wide 
band gain performance.The fT frequency can be related 
to the physical device in terms of the various delay times 
throughout the transistor. Ifthe delay that a carrier sees 


lc (mA) 


Figure 4. 
Imd Distortion Performance as a Function 
of EPI Thickness 
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in traveling through a device is less than in another 
device, then the ft for the device with the least delay is 
higher. The thickness of the epitaxial region is related 
directly to one of these delay times; namely the rscCrc 
time constant in the collector. The r«c is the collector 
series resistance and to reduce this value for a given 
resistivity, we must reduce the epi thickness. There is 
another advantage to be gained from reducing the epi 
thickness which relates to distortion performance. Rgure 
4 shows a 
comparison of intermodulation distortion 
performance between two CATV transistors. The tran 
sistors are identical in all respects except that one 
device was built on epi material which was 50% thicker 
than the other. It is seen that the device which was built 
on thin epi material offers better distortion performance 
at higher current levels. The reason for this performance 
gain with thin epi is the fact that the maximum current 
density available in a device increases as the epi thick 
ness is decreased. This occurs because of debiasing of 
the collector-base depletion region by the resistive epi 
region. The thin epi device, then, acts like a larger device 
at higher currents, resulting in better distortion per 
formance at these higher levels. 


Thin epitaxial material appears to yield very good tran 
sistors for CATV applications. Unfortunately there is a 
negative side to the story. The fact is that as the epi 
material is made thinner and thinner to achieve good 
performance the transistor becomes more and more 
sensitive to voltage variations. With thin epi the ballasting 
effect of the collector resistor is tost and the transistor 
loses ruggedness. The designer, then, wants to choose 
an epitaxial material which is as thin as possible for 
performance yet which is thick enough to avoid complete 
depletion and provide some collector ballasting. 


2. Vertical Geometry 


Once the starting material is decided upon, then it must 
be insured that a process is available which will yield a 
high performance vertical geometry. The importance of 
high fr in the CATV transistor has been discussed. 
Another time constant which can be reduced in order to 
increase fr is the delay due to carrier movement through 
the base region. The relationship for this delay is 


tt> = 
Wu1 
2.43Debln(NB'/NBC) 


This relationship describes the time required for carrier 
transit across the base region in terms of base width, Wt>; 
diffusion co-efficient, Deb; and doping gradient, Nb" and 
Nbc. The point here is that this delay time varies directly 
as the square of the base width. A desirable goal then is 
to produce a transistor which has a narrow base width. 
The well understood diffusion process can be used to 
control this parameter to a point. However, as narrower 
base widths are sought, device yields go down due to 
non-uniformities 
which 
are 
inherent 
in 
the 
diffusion 
process. State-of-the-art base widths with good uni 
formity are possible, though, by taking advantage of ion 
implant technology for the formation of the device junc 
tions. Another advantage of implantation is that it makes 
possible steeper gradients in the emitter and base 
regions resulting in higher fields and shorter transit times 


in those areas. 


3. Horizontal Geometry 


One more item must be considered before the CATV 
transistor is ready to be built. A mask set must be de 
signed, or, in other words, it must be determined what the 
device willlook like, physically. 


Rrst, the basic device configuration must be decided 
upon. There are three transistor contact geometries in 
use; these are interdigitated, overlay, and mesh. The 
overlay and mesh configurations are used primarily for 
modem power transistors. High frequency devices are 
sensitive to parasitic capacitances and this favors the 
interdigitated design. 


Figure 5 is a representation of typical transistor con 
figurations. The base area is dictated by the power 


Emitter 
Base 
Contact 
Contact 
4_ 
I 


rVh 


Interdigitated 


Rgure 5. Typical Transistor Configurations 
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handling requirements of the transistor. There must be 
enough area available to dissipate the heat which is 
generated. The amount of current to be handled by the 
device will determine what the minimum emitter per 
iphery is. This is because at higher bias levels and 
frequencies a large transverse voltage drop occurs in the 
active base region under the emitter. This will have a 
de-biasing effect on the central portion of the emitter- 
base junction causing most of the current to pass at the 
emitter edges. Since it is known how much current the 
device will be required to handle, it is possible to calcu 
late the amount of emitter periphery necessary to safely 
handle this current. The task now is to pack this amount 
of emitter periphery into the smallest base area possible, 
thereby reducing collector-base junction capacitance. 
Two examples of possible interdigitated designs having 
equal emitter peripheries are shown in Figure 6. Itis seen 


I I I 


Ep = 
24 


Ba = 
90 


Ep/BA = 
.26 


Ep = 
24 
. 


Ba = 
88 


Ep/Ba = 
.27 


Figure 6. 
Ep/BA Comparison for Square vs 
Rectangular Base Configuration 


that slightly higher Ep/Ba ratios are possible with a 
design which is square compared to one with a higher 
aspect ratio. The problem with the square configuration 
is that the long emitter fingers required will result in 
considerable voltage drop along their length. The result is 
that part of the device is not being used and hot spots 
will develop. Not only will device performance be re 
duced, but it will soon fail because of overheating. The 
design withthe higher aspect-ratio is desirable since the 
voltage drop problem is eliminated. Another advantage of 
this configuration is that it is inherently better able to 
dissipate heat since the ceils are not so closely coupled 
as in the square configuration. This design also has a 
problem, however. Although the emitter fingers are now 
short enough, the active area of the device is now quite 
long. The middle portion of the device will tend to draw 
more current which is not efficient. The solution to this 
problem is to add ballast resistors between the emitter 
feeder arm and the emitter fingers. (See Figure 7.) The 
ballast resistors are thus in series with the emitter con 
tact metallization. If an emitter-base junction site begins 


Figure 7. Ballast Resistor Configurations 


pulling more than its share of current the series re 
sistance will cause a proportionate drop in the input 
voltage for that site, thus limiting the current and pre 
venting failure. An important point is the type of ballast 
resistor used. Two types of resistor are popular, thin 
film or diffused. Thin film resistors are susceptible to 
microcracking and they 
also are faced with a high 
thermal barrier since they sit on top of the silicon dioxide 
barrier. Diffused resistors are more reliable since they 
avoid the oxide barrier and are not susceptible to 
cracking. 
It is also desirable to reduce the contact spacing and 
the emitter contact widths of the transistor for two 
important reasons.' Anarrow contactspacing will allow 
more emitter periphery to be placed within a given base 
area. This is good since we have seen that gain per 
formance depends directly on the amount of periphery 
available for current handling. A narrow emitter stripe is 
desirable since the resistance of the base region, rt>', 
varies directly as the emitter contact width and it is 
necessary to reduce the parasitic n>' as much as pos 
sible for gain purposes. Incidentally, reduction of rt>' is 
good for noise figure too. Figure 8 illustrates the impact 
of emitter width on base resistance. 
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n*n < rt»w 


Rgure 8. Effect of Emitter Stripe Width 
on Base Resistance 


The last step in the construction of the transistor is the 
deposition of metallization so that contact can be made 
to the emitter and base regions. (See Figure 9.) The type 


Oxide 
1 
f 
i 
r 
^ 
r 


w 
(. 
Emitter 
J 
Base 


Collector 


Rgure 9. Transistor Metallization 


of metal to be used is an important decision. The two 
metals that are low enough in conductivity that can be 
used for transistor metallization are gold and aluminum. 
Aluminum metallization has been used for years as a 
conductor for transistors, its advantages are that it is a 
well-understood process, it offers a good silicon contact 
without any barrier metallization, and it is inexpensive. 
However, considering the micron contact geometry of 
the RF transistor and the fact that it will be mounted on a 
gold hybrid circuit, then the decision is considerably 
easier to make. For a CATVtransistor, gold provides the 
following advantages over aluminum.4 


1. Monometallic wire bonding system. 
2. Electromigration resistance. 
3. Low contact resistance with elimination of shorts 
due to silicon-metal alloying. 
4. Corrosion resistance. 
5. Oxide step coverage. 
Allows use of tighter contact geometries. 


Monometallic Wire Bonding System 


As has been described, it is desirable to have an all-gold 
metal system for reasons of reliability. A monometallic 
system eliminates the formation of gold-aluminum inter- 


metallics and the wire bond failures that result. Figure 10 
illustrates life test data that shows an increased failure 
rate due to bond failures in the aluminum-gold system. 


Life Test at 9S°C Case Temperature 


Part Description 
Unit 
Hours 
Accumulated 


Wire Bond 
Failure 
No's 


Wire Bond 
Failure Rate 
% 


601B. 200 Hybrids 
With Aluminum 
3070 Die 
1.162,000 
24 
4.1 


2200.2600 Hybrids 
With Gold 
3040 Die 
1.188.000 
0 
0 


Figure 10. Wire Bond Failure Rates in 
Aluminum/Gold Life Test 


Electromigration Resistance 


It was shown earlier that it was desirable to achieve a 
high Ep/Ba ratio so as to obtain maximum performance 
from a device. This was achieved by placing the tran 
sistor contacts as close together as possible. The use of 
such tight contact geometry forces the use of very 
narrow metal fingers. The resulting high current densities 
can lead to reliability problems as a result of electro- 
migration. 
Electromigration 
is 
a 
phenomenon 
which 
occurs in metal films as a function of time, temperature, 
and current density. For any given temperature, a certain 
equilibrium concentration of vacancies exists in all metal 
films. Self diffusion of metal ions throughout the film 
arise due to the metal ions being thermally activated into 
adjacent vacancies. In the absence of any external 
forces, the metal ion diffusion will be isotropic and will 
result in no net accumulation or depletion of mass in any 
given site. In the presence of an electric field, however, 
the metal ions experience a force due to their charge, 
inducing an ionic flux toward the cathode end of the film. 
In addition, the conduction flow of electrons in the metal 
due to the electric field willcause electron scattering off 
the activated ions and impart momentum to them in 
ducing an ionic flux toward the anodic end of the film. In 
good conductors, the momentum exchange force domi 
nates the electrostatic force and results in a net mass 
transport toward the anodic end of the film. The result is 
an open circuit in the metallization strip. This void for 
mation is accelerated by high temperatures and current 
density.6 


Aluminum has exhibited a high susceptibility to electro 
migration for current densities above 10*6 A/cm? Such a 
current density is easily realized in state-of-the-art RF 
devices. For a given device geometry there are only two 
alternatives to allow reduction of the current density in a 
device. Either the operating level can be reduced or a 
metal can be selected which has a higher mass and acti 
vation energy. The operating level cannot be reduced 
without a sacrifice in performance. We can still keep high 
performance and reduce the current density by using 
gold metallization. At 200°C, experiments conducted on 
identical transistors with gold vs. aluminum metallization 
showed an improvement in mean life time of two orders 
of magnitude using gold. 
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Contact Resistance 


Gold cannot be used as a single layer metallization 
because of its relatively low silicon eutectic temperature 
and its poor adhesion to silicon and silicon dioxide. A 
barrier layer must be employed to prevent gold diffusion 
into the silicon and this barrier metal must offer good 
adhesion to silicon, silicon dioxide, and gold. Such a 
barrier is offered by a system utilizing platinum silicide, 
titanium and tungsten. The platinum silicide forms a good 
ohmic contact with the silicon; the Ti/W provides the 
necessary diffusion barrier and offers good adhesion to 
SiOi and silicon. 


Aluminum has historically offered good ohmic contact 
without the need for barrier metals. In RF devices, how 
ever, at current densities well below electromigration 
densities, a problem of formation of silicon/aluminum 
alloy is ever present resulting in emitter-base shorts. Any 
hot spot formation will result in an increased alloying rate 
and early failure. 


Corrosion Resistance 


Under biased conditions, in a humid atmosphere, gold 
has demonstrated a lifetime more than 3 times that of 
aluminum. The failure mode 
in 
aluminum 
is 
electro 
mechanical corrosion and gold is insensitive to this 
phenomenon. 


Evaporated Aluminum 
••BHWttl 
ipifjl! Oxideppii* 
A 


Silicon 


Step Coverage 


Gold offers tremendous improvements over aluminum in 
its ability to cover oxide steps without decrease in metal 
thickness or cracking. (See Rgure 11.) Aluminum is 
deposited by means of evaporation in a vacuum where 
the mean free path of the aluminum particle is long. This 
means that equal coverage of all surfaces is impossible 
even if the target is rotated during evaporation. The 
plate-up gold system reduces step coverage problems 
to insignificance. 


Narrow Contact Geometries 


The 
RF 
transistor 
must 
have 
very 
fine 
horizontal 
geometry to achieve the performance required in a 
CATVsystem. With aluminum metallization these narrow 
finger widths are achieved by etching the aluminum to 
remove it. Such a process, if done very carefully, will at 
best result in fingers of uneven width which are sus 
ceptible to high current densities and the associated 
reliabilityproblems. The gold system is capable of pro 
viding microwave geometries with insignificant variations 
in fine widths. In fact, the geometry on present gold 
CATV devices is narrower than some low-noise micro 
wave devices which are on the market today. 


Figure 11. Oxide Step Coverage 


V. 
SUMMARY 


1. The 
CATV system operator is interested in per 
formance with reliabilityin the amplifier equipment he 
uses. 
2. The basic bucking block ol the CATV ampifter is the 
hybrid circuit. The hybrid amplifier oilers reliability 
advantages over discrete 
designs including gold 
circuit metallization and a reduced number of inter 
connects. 
3. The heart of the hybrid circuit is the RF transistor. 
4. The design of a reliable transistor tor use in CATV 
amplifiers 
requires a knowledge of 
basic design 
values plus the availability of state-of-the-art process 
ing. Points to be considered include: 
staring material 
vertical geometry 
horizontal geometry 
configuration 
metallization. 
5. Life tests show Ihe improvements in reliability to be 
gained by careful transistor design. 


APPENDIX 


Derivation of reliability expression lor chance failures' 


R(t) - e" 


II an original population of Xo items is continuously de 
caying so that there are X items at lime t. the change ot 
population in one interval dl is dX/dt. Divided by Ihe total 
population X at t. this gives the negative rate at which the 
population changes al lime I: 


dX/dt 
_ 
dX 
1 
-A 
dt 


then. 
-Adt - 
dX/X 


Integrating over the lime period being considered. 


•/Adt - 
InX/C = InX-InC 


fort 
= 0. X 


ThenC 
- 
Xo 


And X/Xo - 
e.» HCt 


IIthe rale of decay. A.is constant, then 


X/Xo 
» 
e« 
-At 


Since X/Xo is probability ol survival lor a decaying popu 
lation then 


R(l) » 
X/Xo 
- 
e.p 
At 
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35/50 WATT BROADBAND (160-240 MHz) PUSH-PULL 
TV AMPLIFIER BAND III 


This note describes the performance of a broadband ultra linear push pull amplifier designed for service in band IIITV 
transposers and transmitters. 


Devices used : two TPV 375. 


Basic amplifier specifications 
: 


IMD(1) =—51 dB 
at 
IMD(1) =— 48 dB 
at 
Vee 
= 28 volts; 
Total 


(1) vision carrier — 8 dB, sound carrier 


General design Consideration 


The principal aims were : 


— employ a relatively simple solution permitting us to obtain the optimal performances from TWO TPV 375. 


— simplify the design and reduce the cost. 


The main consideration was to obtain the maximum output power with the best IMD over the band. To obtain 
this requirement the output match and losses must be the best possible in all the band. 


The second consideration was to obtain the maximum gain by reducing the input matching circuit losses to a 
minimum. 


These factors led us to choose matching circuits using quarter-wavelength transformers at the input and output 
which permit us to : 


— reduce the load and source impedances to low values with low losses 
— couple two transistors in a push pull configuration. 


Because the output and input transistor impedances are in series, due to the push-pull configuration, the required 
transformation ratio is one half of that required for a single ended stage. 


The first approach for the circuit calculation was made from the input and output impedances given in the 
TPV375 data sheet and matched to the proper impedance levels using a Smith Chart. The element values were 
then optimized with the aid of «COMPACT» program. 


Amplifier Design 


The basic block diagram for the amplifier is shown in Figure 1 and the circuit schematic is shown in Figure 2. 


The input and output circuits are each composed of two networks : a quarter-wavelength transformer-balun 
and a matching network. 


The quarter-wavelength transformer impedances have been chosen to be easily built using microstrip technology. 


Input circuit 


The input circuit is shown in Figure 3 and the input impedances are shown in Smith Chart 1. 
The low transistor input impedances are transformed into higher impedances near the real axis by Capacitors FF. 


The (EE, DD) series elements and (CC, BB) parallel elements collapse the amplifier input impedances around 
8.5 a 
Since the devices can be considered in series at this point the impedance is doubled to 17 Q. The quarter- 
wavelength transformer balun (AA)completes the match to 50 CI. 


The transformation ratio is 2.8 : 1. 
The maximum theoritical input VSWR is 1.80 : 1 and the maximum experimental VSWR is 1.60 : 1. 


Output circuit 


The output circuit is shown in Figure 4 and the output impedances on Smith Chart. II. Since the output impe 
dances are higher than the input impedances, the output matching network is simpler and the quarter-wavelength 
transformer ratio is lower. 
The inductors aid the matching but primarily provide for good stability at the low frequencies, and are used 
for collector bias. The output quarter-wave-length transformer ratio is 1.6 : 1. 


The maximum theoretical VSWR is 1.16:1 and the maximum experimental VSWR is 1.44:1. 


P0 >=35W 


Po = 50W 


= 4.4 A 


PB.in 
=10dB 
input VSWR 
: < 
1.6 
output VSWR: < 
1.5 


r — 7 dB, sideband signal --16dB. 
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Amplifier Performances 


— IMD versus output power: Figure 5 
— Input and output return loss and VSWR = Figure 6 


— Gain versus frequency : see Figure 7 
— 1 dB gain point compression : 70 W 
— Bias conditions : Vce = 28 V; 
Total " 4.4 A. 


Technology and layout considerations 
The epoxy-Glass 1/16 inch (cr = 4.1) is used as board material except for the input and ouput transformers. 
The glass- Teflon 1/50 inch (er = 2.55) is used for the transformers (seethe details Figure 8). 
Wehaveconsideredfora microstrip linethat afterW (Width) from the conductorstripedge the fieldsare negli 
gible andwe can sizethe ground conductor to be 3 Wwithout perturbing the propagation. This kind of trans 
former has the following characteristics : 
— We can have any impedance values within realizable min-max limits. 
— The vertical dimensions are small and the mechanical realibility is good. 


— Good repeatibility. 
The bias circuits are included with RF circuits in order to give a compact amplifier: Figures 10 and 11 show 
the layouts and the Figure 12 the physical layout of the push-pull amplifier. 


Combined pairs of push-pull Amplifiers 
— Ingeneral several push-pull amplifiers are usedfor thefinal stageofthe TV transmitter amplifiers. 
They can be combined by pair withquadrature combiners (see block diagram Figure 9). 
The advantage of using this kind of coupler isthatthe input and output VSWR become good (> 20 dB rtn. 
loss) in comparison withthe relatively highoriginal VSWR ofthe push-pullamplifier. 


General Conclusions 


— Pushpull techniques simplify the required circuitry and associated losses. 
— Theproblems associated with 3 dBhybrids incascade —insertion lossandimbalance —when four devices 
in parallel are required are minimized. 
— With additional effort both the input and output VSWR could be improved to 1.2 : 1. 
— Good repeatability in production without variablecomponents being required. 
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Figure 1. Push-Pull Circuit 
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Figure 2. Circuit Diagram 


On the smith chartthe impedances are representedby : 


o 
A 


DO 
EE 


\. 
at 140 MHZ 
*Oj>. 


prlMad Irtmlormtr 


CIRCUIT DIAGRAM 


L, 
• 8 turns. ID 9 mm 
I 
- 8 mm, wire .6 mm 
Li • 2.S turns, ID 6 mm 
I 
9 10 mm. wire 1 mm 


AA 
BB 
CC 
DO 
EE 
FF 
Jl 


L* 
(mm) 
(pF) 
Zo 
(Q> 
(mm) 
(pF) 
(fi, 


L* 
(mm) 
(pF) 


Cllc. value 
30 
313 
139 
100 
11.3 
47 
50 
80 8 
238 


Empirical valua 
30 
313 
100 
100 
15.0 
47 
50 
82.5 
200 


L is given (orer - 1 


Rgure 3. Input Circuit 
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FMPEDANCE 
COORDINATES-50-OHM CHARACTERiSTIC IMPEDANCE 
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Rgure 4A. Input Circuit 
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IMPEDANCE 
COORDlNATES-50-OHM CHARACTERISTIC IMPEDANCE 
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Rgure 4B. Output Circuit 
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Rgure S. IMDversus Output Power 
Figure 6. Input and Output Return Loss versus Frequency 
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Rgure 7Aow Level Gain versus Frequency 
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b.) Equivalent Circuit 


Rgure 8. 
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TPV 376 push-pull 


TPV 375 push-pull 
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combiner 
5011 


Rgure 9. Combined Pairof Push-Pull Amplifiers 


Boardmaterial: opoxy-glass; 1/16 inch; c, - 4.1 


Rgure 10. PC Board Layout (Not to Scale) 


input and output 
ground 
input strip 
(Zo - 30) 
output strip 
(Zo - 40) 


Board material: glass teflon; 1/50 inch: t, " 2.55 
Rgure 11. PC Board Layout for Input and Output Quater-Wavelength Transformer (Not to Scale) 
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Figure 12. 160-240 MHz Amplifier 


o 
On the smith chart the impedances are represented by : 


CC 
j 


50 ii 


7777 


AA 
BB 
CC 


<"H) 
(U) 
V 
(mm) 
Zo 
(fi) 


L" 
(mm) 


Calc. value 
11.7 
21.6 
37.5 
33 
312.5 


Empirical value 
53.1 
25.0 
37.5 
.10 
312.5 


" L is given for er = 1 


Figure 13. Output Circuit 
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TV TRANSPOSERS BAND IV AND V Po = 0.5 W 1.0 W 


This note describes the performance of a broadband (470-860 MHz) ultra linear amplifier designed for ser 
vice in band IV and V T V transposers. 
Device used : 


TPV 596. 


Basic specs: 


I.M.D. — 60 dB max. at Po = 0.5 watts 


Vce 
= 20 volts; Ic = 200 mA 


Pgain 
= 11.5 dB min. 


The approach used is intended to be straight forward and inexpensive as follows. 
1) The load line be defined to provide the Correct match for peak power (P. sync). 
2) The VSWR at the collector be less than 2 :1. 
3) The input match be designed to provide flat gain with decreasing frequency. 
4) 
Use computer aided design. 


5) 
Use a three tone norm 


Pvision 
= — 
8 dB 
Psound 
= — 
7 dB 
Psideband = — 16 dB 
6) Circuit realization to be a distributed design built upon teflon glass copper clad circuit boards. However 
the design will be analized using Er = 1.0. 


The input and output impedances were taken from the TPV596 data sheet and plotted on a smith chart. Firstconsider 
the input. To have flat gain with an optimum collector load, the basic physics of a class «A» biased device defines 
a gain slope of -6dB/octave which must be compensated for. The band of interest is 470-860 MHz which is .915 
octaves which implies that 5.25 dB of gain must be compensated for if the device is perfectly matched at 860 MHz. 
This means that a transmission less of 5.25dBor a VSWR for 11.0:1 must be employed at 470 MHz. The input Z is 
converted to Y on Smith Chart (I).The point at 860 MHz will intersect the constant conductance line equal to 1.0 
(20mU) if it is rotated 0.14Ausing a 20 mU (50ft) transmissionline.Afterthis rotationa capacitivestub or chip 
capacitor is used to resonate the susceptance at 860 MHz; A capacitive stub or a chip capacitor equal to 16.7 pF can 
be used, and the result is shown on Smith chart (I). It is interesting to note that the VSWR vs frequency can be 
adjusted for gain flatness by selecting an optimum Z0 for the capacitive stub. It is also obvious that the locus of 
impedances at the circuit input can vary between the locus of points defined by using a chip capacitor, and the 
imaginary axis by using a stub with Zq = ». Graph (II) is a plot of these results. Because infinite isolation doesn't 
exist between the output and input of any transistor, and because the required network is very simple, the input 
circuit will be optimized empirically. A computed aided circuit will be defined for the output only. It is also indicated 
that a combination chip capacitor and stub may provide the best results. 
The output circuit considerations were first determined using a Smith Chart approach. It must be clearly understood 
that computer optimization is only as good as the circuit configuration and associated computer instructions. 


The approach follows: 
Smith Chart (II) 


1) The device output impedances are first converted to admittances and plotted as the conjugate (Y load). 
2) In order to allow easy collector lead soldering a Zo = 50 L\ 3 mm long transmission line is used. Since 
the Smith chart is normalized to 20 mo (50 O) we can rotate toward the load directly as the chart is confi 
gured. 
3) Since the balance of the circuit used Yo = 10 mo (100 O) we next normalize the chart to 10 mo. 100 Q 
transmission line was chosen as a good compromise between physical length requirements and ease of 
realization on Teflon Glass. 
4) The next element, a shorted shunt transmission line less than X/4 in length reduces the imaginary part 
by moving each point of admittance along a line of constant conductance. The length was chosen to locate 
the lowest frequency point (400 MHz) near the real axis so that the locus of points would be more equally 
distributed about a 2.0 :1 VSWR circle. 
5) The resultant locus of points are then rotated with a 10 mo"(100 Si) transmission line to a degree which 
locates the admittance point of 860 MHz near the line of constant conductance equal to 2.0 on Smith 
Chart (II). This conductance is exactly equal to 20 mo since the chart is normalized to 10 mo". 
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6) The final step is to use a parallel resonant circuit which will reduce the imaginary pacts at both the upper 
and lower frequencies. 
The following approach was used to calculate the element values for the antiresonant circuit. 
By observation of the smith chart it was decided to place the 460 and 860 MHz points on or just inside 
the 2.0 : 1 VSWR circle. 


It then follows that 


1 
atf,=460MHz 
W.C 
= —0.4 
W,L 


atf2 = 860MHz 
W2C— 
1 


W,L 
1.7 


The 2 equations with 2 unknows are solved with the following result. 
L = 0,189 nHy 
C = 496.11 pFd 


since we are normalized to 10 mo 
Lactual = 0.189/.01 nH = 18.9 nHy 
Cactual = 496.11 * 0.1 pF = 4.96 pFd 


7) The result is normalized to 20 mo with the final result shown. 


s 


!H> 


Zo 
10 n 
50 n 
TPV 596 
so n 
100 n 
100 n 
100 n 


Calc. Value 
45.7 mm 3.78 mm 
3 mm 
76.1 mm 29,3 mm 
4.9 pF 
50.4 mm 


Empirical Value 
8.5 
48.8 mm 
1.5 mm 
Opti 
mized 
Value 


3 mm 
98.8 mm 
39.62 
5.5 pF 
61.6 mm 


Graph (III) shows the variousVSWR calculatedcomparedto the theoretical best curve and the actual VSWR 
measured. 


Graph (IV) shows the collector load VSWR for the calculated, optimized, and actual result. 


Graph (V) is a plot of the single ended amplifier results taken with a network analyzer. No component losses were 
considered for the theoretical and optimized analysis. The final circuit was also optimized empirically from 
470-860 MHz using a network analyzer. 


The following results are a-summary of performance, bias conditions circuit configuration and recommended 
hybrid adaptation. 
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starting Imp. 
rotated Adm. 
final Adm. to/Chip Cap. 
final Adm. co/10 fi Stub 
final Adm. w/50 fi Stub 
j^ 
U 


Figure 1. Smith Chart (I) 
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starting Adm. 
50 fi rotation 
100 fi translation 
equiv. shunt Ind. 
100 fi rotation 
_ 
parallel L-C 
*- 
final Adm. 50 fi translation +. 


A- 


Figure 2. Smith Chart (II) 
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6O0 
TOO 


Frequency (MHz) 


AN.50 


Rgure 3. Graph III— VSWR versus Frequency 
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606 
TOO 


Frequency (MHz) 


Rgure 4. Graph IV — VSWR versus Frequency 
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Rgure 5. Graph V — TPV596 Amplifier Performance versus Frequency 
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RFC 
-r+F UU 
ArX 
nrt t 
uu 


cl,. 
h^i^^ *u 
4«F 
1cL> 
3~3fF 
J, 


Class A 
VCE = 20 V — lc = 220 mA 
f0 = 860 MHz — WAVELENGTH (Ag)at 860 MHz 
(material: Glass teflon cr = 2.55 — 1/16") 
Transistor — TPV596 


Rgure 6. Circuit Diagram for 470-860 MHz Amplifier 
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Rgure 7. Class A Bias Circuit 
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TPV 596 BROADBAND AMPLIFIER 


470 MHz-860 MHz 


— 60 dB 
IMD* 
> 
0.5 W 
11.5 < 
G ^ 
12.7dB 


< 
— 
1 
dB 


< 
— 
11 
dB 
~ 
23 V (VCE = 20 V) 


220 mA 


'IMD : Vision : — 8 dB ; Sound carried : — 7 dB; Side band : — 16 dB 


RECOMMENDED CONFIGURATION 


'INPUT RETURN LOSS : This amplifier must be used by two connected together with two 3 dB quadra 
ture hybrids to have a balance amplifier with a good input VSWR. 


"f 


3dB 
Hybrid 


'3 dB • 90° Hybrid coupler from 


— ANAREN 10 264-3 
— SAGE wireline 3 dB Hybrid 4450 900 


TPV 596 


3dB 
Hybrid 


IMD VS OUTPUT FOR 
A 
SINGLE STAGE 
VCE 
= 
20 V-220 mA 


F = 860 MHz; Vision = — 8 dB ; Sound Carrier = — 7 dB; Sideband = — 16 dB 


Pout (W) 
0.25 W 
0.5 W 
1 W 


IMD (dB) 
67 dB 
-61 dB 


F 
= 860 MHz; IMD DIN 45004/B 


RL = 75 ohms 


1.5 V/75 ohms 
IMD = — 66 dB 
2V/75ohms 
IMD = — 60 dB 


— 55 dB 
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1 W/2 W BROADBAND TV AMPLIFIER BAND IV AND V 


This note describes the performance of a broadband (470-860 MHz) ultra linear amplifier designed for service 
in band IV and V TV transposers. 


Device used : TPV 597 


Basic specifications 


IMD(1) =— 60dB 
at 
P0 = 1 W 
Vce 
= 
20 V; 
le = 440 mA 
p„in 
=11-5dB. 


(1) 
Vision carrier — 8 dB, sound carrier — 7 dB, sideband signal — 16 dB. 


General design considerations 


In general to obtain a flat gain for broadband amplifiers which use iransistors with about — 6 dB power gain 
variation per octave we can use two techniques : 
— feedback technique (eg emitter resistor and a negative feedback with a selective circuit between the collector 
and the base), 
— or reflect the input or the output power selectivly to have an insertion loss of 6 dB per octave with 0 dB 
for the highest frequency. 
(There is also another technique which uses a selective attenuator). 


With the feedback technique we can have a good 
input and output match. With the second technique 
we need to reflect the input power and have a good output match in order to obtain a good IMD. It means 
the input VSWR is very high for the low frequencies. 


The second solution is simpler than the first and if we use two amplifiers connected together with 3 dB quadra 
ture hybrids to have a balanced amplifier this inconvenience disappears. We have chosen for this amplifier this 
second solution. For the larger broadband amplifier (eg 170-860 MHz) this solution must be rejected and 
the only acceptable solution is to use the feedback technique. 


Amplifier design 


The first approach fcr the circuit calculation was made by using the Smith Chart from the input and output 
impedances given in the TPV 597 data sheet to have, at the input, a reflected power so that the gain will be flat 
and at the output to obtain the best match possible. 


INPUT VSWR VERSUS FREQUENCY TO OBTAIN A FLAT GAIN : 


The power gain can be approximated by: 


G 


Fmax is the frequency for which power gain drops to unity. 


The transmission loss due to the input reflection is : 
a = 1-|p| = 
p is the reflection coefficient. 


To have Ga constant we must have 


Ga 


GH is the gain at the highest frequency used (FH) 


-(•¥•)' 


rH91. 


VSWR = 


F\21 ,'1 
IPI 
L 
\ful 
J 
F \21l/I 
1 + " 
1+lpl 
i-ipi " 
r 
/TV'1 
-i-ei 
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Figure 1 shows the theoretical VSWRversus frequency with an insertion loss of 0 dB (implies p = 0) for 860 MHz. 
We have defined the input circuit from the TPV597 input impedance to have an input VSWR as close as possible 
to this curve, and have assumed that output circuit losses versus frequency is negligible. 
After we have calculated separately the input and the output circuits, we optimized some of the parameters by 
means of the global amplifier and the TPV597 S-parameters, with the COMPACTProgram. 


— RF equivalent circuit: Figure 2 


— Program : Figure 3 
— Calculated gain and empirical gain : Figure 4 


— Calculated and empirical input VSWR : Figure 5 
— Calculated and'empirical output VSWR : Figure 6 


Amplifier Performance 


— IMD versus output power: Figure 7A 
IMD versus frequency: Figure 7B 


— Input return loss and VSWR : Figure 5 


— Output return loss and VSWR : Figure 6 
— Gain versus frequency : Figure 4 
— Bias conditions : Vce = 20 V; 
le = 440 mA 


Technology and layout considerations 


— The glass Teflon 1/16 inch (er = 2.55) is used as board material. This substrate is soldered to the heatsink to 
have a good contact and repeatable results. 


Figure 8 shows the circuit diagram and the bias circuit; Figure 9 shows the PC board layout. 


Combined - Transistor Stage 


In many instance the power output requirements of transposers exceed the capability of a single transistor, 
which forces the designer to use combinations of transistors. They can be combined by pair with quadrature 
combiners (See figure 10). Since quadrature combiners have the ability to channel the reflected power from 
the amplifier into the fourth port of the combiner it means the input and output VSWR become very low 
(VSWR < 1.2). The power gain is reduced due to the couplers insertion loss by 0.6 dB. Coupler imbalance 
should also be taken into account as causing some IMDdegradation. 


I , 
Input VSWR 


VSWR = 


o— -©-• —e> From global amplifier and S-parameters 


A- -A- —A Empirical VSWR 


400 
5oo 
600 
7*00 
goo 
FH 
3 00 


Figure 1. Input VSWR 
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GG 
HH 
r—CD 


uV\\\ 
*ntn uuv 


AA 
BB 
cc 
DD 
FF 


pF 
Zo 
(Q) 


L 
(mm) 
pF 
Zo 
(SI) 
L 
(mm) 
Zo 
(0) 


L 
(mm) 


Calc. value 
4.S 
so 
32.0 
29.3 
25 
14 
50 
72.2 


Empirical value 
4.7 
50 
45.4 
10.0 
25 
14 
50 
34.9 


GG 
HH 
II 
JJ 
KK 


& 


L 
(mm) 
Z« 
(SI) 
L 
(mm) 
pF 
Zo 
(O) 
L 
(mm) 
pF 


Calc. value 
110 
28.4 
45 
14 
5.1 
75 
50 
3.5 


Empirical value 
110 
27.9 
45 
14 
3.9 
75 
38.4 
3.3 


L are given for ef = 1. 
Rgure 2. RF Equivalent Circuit 
for Compact Program 


MET 
AA 22 
CAP 
AA 
PA 
—4.61 
TRL 
BB 
SE 
50 
—41.64 
1 
CAP 
CC 
PA 
—25.39 
0ST 
DD 
PA 
25 
14 
1 
TW0 EE 
S1 
50 
SST 
FF 
PA 
50 
—63.43 
1 
TRL 
GG SE 
110 
28.44 
1 
TRL 
HH 
SE 
45 
14 
1 
CAP 
II 
SE 
—5.134 
SST 
JJ 
PA 
75 
49.98 
1 
CAP 
KK 
PA 
—4.129 
CAX 
AA 
KK 
PRI 
AA 
SI 
50 
END 


470 
500 
600 
700 
800 
860 
END 


.92 
176 
2.38 
72 
.033 
31 
.55 
—166 
.91 
175 
2.21 
71 
.034 
33 
.54 
—167 
.93 
171 
1.80 
63 
.037 
34 
.56 
—170 
.93 
170 
1.57 
59 
.039 
36 
.59 
—168 
.92 
169 
1.40 
54 
.043 
38 
.58 
—165 
.91 
167 
1.30 
52 
.045 
40 
.58 
—166 
END 


0 
100 
1 
12 
100 
100 
2 
12 
END 


Rgure 3. Compact Program 
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CIRCUIT 
DEFINITION 


FREQUENCY (MHz) 


POLAR 
S PARAMETERS 
FOR TW0 EE (TPV 597) 


OPTIMIZATION 
DATA 


AN1030 


VARIABLES (—) 
GRADIENTS 


(1) : 4.51899 
(D 
— .894864 
(2) : 32.0136 
(2) 
.704452E-01 
(3) : 29.2938 
(3) 
2.69282 
(4) : 72.2399 
(4) 
.287748 
(5) : 5.16145 
(5) 
1.68585 
(6) : 3.53445 
(6) 
— .267730 
ERR. F. =• 
7.809 


HOW MANY ITERATIONS BEFORE NEXTSTOP? . 0 ' RESULTS IN FINAL ANALYSIS. 
WANT INTERMEDIATE PRINTS (YES = V NO = 0)? TYPE TWO NUMBERS : (I. J) : 0 
SEARCH INTERRUPTED, FINAL ANALYSIS FOLLOWS : 


POLAR 
S-PARAMETERS 
IN 
50.0 OHM SYSTEM 


FREQ. 
S11 
S21 
S12 
S22 
S21 
K 
(MAGN <ANGL) 
(MAGN <ANGL) 
(MAGN <ANGL) 
(MAGN<ANGL) 
DB 
FACT 


470.00 
0.88 < 
134 
3.53 < 
86.3 
0.049 < 
45.3 
0.11 
< 
105 
10.97 
0.75 
500.00 
0.85 < 
128 
3.46 < 
68.4 
0.053 < 
30.4 
0.12 < 
109 
10.79 
0.90 
600.00 
0.75 < 
92 
4.19 
< 
12.2 
0.086 <— 
16.8 
0.05 < 
5 
12.45 
0.78 
700.00 
0.59 < 
55 
4.48 < 
— 
39.2 
0.111 <— 
62.2 
0.19 
< —127 
13.02 
0.78 
800.00 
0.43 < 
11 
4.34 < 
- 
93.2 
0.133 
< —109.2 
0.26 < 
180 
12.75 
0.86 
860.00 
0.20 < 
- - 
44 
4.08 < —135.2 
0.141 <—147.2 
0.26 < 
114 
12.22 
1.01 


COMPACT PROGRAM 


13 dB 


12 dB 


11 dB 


10 dB 
,, 
*•' 


TPV 597 SINGLE STAGE 
Vr. - 20 V 
I. - 440 mA 


T 


Figure 4. Gain versus Frequency 
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Rgure 5. Calculated and Empirical Input Return Loss 
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Rgure 6. Calculated and Empirical Output Return Loss 


Frequency (MHz) 


AN1030 


1 


IMO (dB) 
/ 


TPV 697 Slngl 


VISION 
CARRIE 


SOUND 
CARRI 


SIDEBAND 


9 Stage 


R 
— 
8dB 


ER 
— 
7d9 


—16 dB 


VCE- 
20V 
lc 
» 440 mA 
F0 
-860 MHz 


*• 


O.S 
1 


Rgure 7a. IMD versus Peak Synch Output 


'SINGLE STAGE 


POUT SYNC. : 1 
W 
"VISION CARRIER 
— 
8dB 
SOUND CARRIER 
— 
7 dB 
SIDEBAND 
— 16 dB 


700 
Rgure 7b. IMD versus Frequency 
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330 pF 
300a. 


*» 
InF 1 
|VF 
| « 


Vce 
20v 


lOnF 


33pF 
50 Ohm 


8%Xj=ap^t 
•*%>3-t 
1 


TPV 597 
3j3pF 
JLJL 


(3.108 
V 
Xg = 
—-) 
Fo Veeff / 
Lengths are given at F0 - 860 MHz 


Glass teflon er = 2.55,1/16" board material. 


a) Circuit Diagram 


VCC 


lOO^F 


•^rVW- 


4.7 


:hn4148 


4.7K 
\ 
n 


VCE 


2904 
VBIAS 
tWV 
» 
330 


10 nF 


b) Class A Bias Circuit 


Rgure 8. Circuit Diagram and Bias Circuit 
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50 mm 


Board material: Glass Teflon; 1/16 inch; sr - 2.55 


Rgure 9. PC Board Layout (Not to Scale) 


Quadrature 


combiner 


TPV 597 amplifier 


High 


VSWR 


High 


VSWR 


Quadrature 


combiner 


50 Q 
TPV 597 amplifier 
m'u\ 


The 3 dB quadrature combiners can be supplied by 
— ANAREN (10 264-3) 
— SAGE wireline (4450900) 


•* OUTPUT 


\\\\N 


50 Q 


output 
(low VSWR) 


Rgure 10. Two Broadband Amplifiers Combined with Quadrature Combiners 
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HOW LOAD VSWR AFFECTS NON-LINEAR CIRCUITS 


By Don Murray 
RF Devices Division 
Lawndale, Calif. 


Reprinted from RFDesignMagazine 


If your amplifiers test out fine in the lab but 
fail QC testing, the testing environment- 
not the product - is likelyat fault 


Consider the following scenario: You're designing 
and implementing into production a broadband 
Class C power amplifier. During your design 
phase, you Mow all the rules of science and 
also dig into your bagof electronic tricks to 
meetthe design specification. Your design is 
fabricated andtested successfully inthe lab. 
Twenty-five more units are built inthe lab and 
they, too, test out fine. 


Confident that both design and production pro 
cedures aresatisfactory, youbegin series produc 
tion. But when the first units reach RFtest, not 
one meets specification. Yet when youretrieve 
the units, they test OK inthe lab. 


What's wrong with theseamps? Probably 
nothing. This scenario, in one form or another, is 
ail too common in the design andmanufacture of 
non-linear RF circuitry. The culprit is correlation 
of test systems. A difference of .5 dBis enough 
to fail units that are perfectly good, resulting in 
unnecessary and expensive retesting or even 
reworking. Still worse, a half dBerror w3l pass 
unitsthat don'tmeet specsand never should be 


Such correlation errors willdisrupt an even more 
important function, thatof maintaining product 
continuity. A device built in 1982 should perform 
the same as an identical model number device 
built in 1976. Another way of saying this is that 
a device tested in a 1982 test system should 
produce the same results when tested in a 1976 
system.The key, of course, is RF correlation. 


What is RF correlation? Simply put, RF correla 
tionoccurs when target error limits are estab 
lished and adheredto on a continuousbasis 
among two ormore testing stations. Such cor 
relation is essential to cost-effect production of 
non-linear RF andmicrowave power amplifiers, 
whose circuits are extremely sensitive to the im 


pedance oi their loads, either in test systemsor 
equipment environments. It is easyto compen 
sate for the insertionloss errors in an attenuator, 
but it is much more difficult to compensate for 
variations in the input impedance difference bet 
ween attenuator pads, that is, the toad VSWR. 


Let'sexamine RF correlation on bothan empirical 
and theoretical level. 


EMPIRICAL APPROACH 
Theempirical approach is shown inTable I, 
where several test circuit loads (consisting of 
series attenuators, directional couplers and RF 
switches) were assembled. The insertion loss and 
input impedance of eachload string was 
measured. Following this,the individual loads 
wereconnected to a given test circuit containing 
a common basemicrowave power transistor. The 
powermeter used was alsoa constant. 


Table I shows insertion loss, insertion loss correc 
tions, indicated RF power, and actual power data 
of each load string. A maximum error of 0.52 dB 
was detected with a standard deviation of .19 
dB. All these loads had a VSWR less than 1.1:1 
at the frequency tested.A VSWR ol 1.1:1 is 
better than the published specifications of com 
mercially available attenuators, directional 
couplers, andRF switches from mostleading 
manufacturers. A VSWR of 1.5:1 is a typical 
VSWR specification limit at 1.4 GHz. It mustbe 
noted that many users will gladly payan addi 
tional nominal charge for components meeting a 
tighter VSWR spec. 


THEORETICAL APPROACH 
The vehicle for the theoretical discussion is tha 
well knownexpression: 


PO 
IVCC-VCESAT)2 


2Rl 


Where: Po - Power output 
Vcc - Collector supply voltage 
VCESAT - Collector-Emitter saturation 


Rl - Load resistance. 


This expression is valid for a narrow range of Rl 
(10% range maximum). Over a wider range of 
Rl, significant changes in Vcesat occur as a 
function of Rl. Output power varies with the 
square of Vcesat. Vcesat is a very strong func 


MOTOROLA RF DEVICE DATA 


7-246 


tion of collector current and transistor die 
temperature. 
The theoretical approach will evaluate the 
changes in amplifier output power (Po) for a 
given change in load resistance (Rl). 


For simplicity, let us assume the following 
hypothetical conditions, which aretypical of 
today's RF power transistors. 


Hypothetical conditions: 
Vcc - 
28V 
Vcesat - 
1.5V 
Pour - 
50W 
Frequency - 1.0 GHz 
Solving for load resistance: 


Rl - 
(Vcc- Vcesat)2 
702.25 
- 
7.02Q 
2PO 
100 


Additionally, assume that a simple two-section 
impedance matching networkmatchesthe 7Q to 
50Q. Let this two-section match consist of two 
A/4 wave transformers. 


Given the conditions we havehypothesized, the 
Rl of 7.02Q represents the collector load that 
will yield the best simultaneous satisfaction of 
device efficiency, device gain, gain transfer 
characteristics, andsaturated power. 


For minimum0, with a 2 section match, the 
transformation ratio of each section is 


Zo 1st section 


ZO 2nd section - \/ (7M2.67H50) 


- 
30.58Q 


A/4 §1 1 GHz - 2.95" 
.075m 


Table II shows the transformed impedance at the 
input of the matching network as a function of 
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Table I. Microwave Load Substitution Study 


The vehide used for thistest wasa production test fixture and correlation sample SI for theTRW MRA1417-6 broadband, high-gain transistor. Measurements were taken at 
1400MHz with input power ol 1.1W. 


Measured 
Circuit 
Measured 
Delta 
Load Input 
Power 
Return 
Collector 
Insertion 
Calibration 
Actual 
from 
Return 
Impedance 
Load# 
Level 
Loss 
Current 
Loss 
Error 
Power 
Reference' 
Loss 
Angle 
Real 
Imaginary 


1 
1.1W 
35 dB 


_ 
30.03 dB 
+.03 dB 
thru 
cafibration 
-40.2 
99.1 
49.8 
+ 1.0 


1 
7.7W 
16 dB 
.51 
A 
30.03 dB 
+.03 dB 
7.75W 
reference 
-40.2 
99.1 
49.8 
+ 1.0 


2 
7.6W 
15.5 dB 
.5 A 
39.66 dB 
-.44 dB 
6.87W 
-30.5 
-77.5 
50.6 
-3.0 


3 
7.65W 
15.5 dB 
.51 A 
39.68 dB 
-.32 dB 
7.1CW 
+.38 dB 
-34.1 
-171.5 
50.4 
-2.0 


4 
8.0W 
15.5 dB 
.51 A 
39.8 
dB 
-.20 dB 
7.63W 
-.07 dB 
-34.1 
68.1 
50.7 
-1.9 


5 
7.2W 
16 dB 
.505 A 
30.16 dB 
+.16 dB 
7.47W 
-.16 dB 
-30.1 
-128.0 
51.1 
-3.0 


6 
8.3W 
15.2 dB 
.51 A 
39.78 dB 
+.22 dB 
7.89W 
+.08 dB 
-31.7 
-144.6 
47.9 
-1.5 


7 
7.75W 
16.2 dB 
.505 A 
39.73 dB 
-.27 dB 
7.28W 
-.27 dB 
-32.7 
11.9 
49.0 
-2.4 


8 
7.78W 
16.8 dB 
.503 A 
39.7 
dB 
-.30 dB 
7.26W 
-.28 dB 
-35.4 
-111.9 
49.1 
-1.5 


Largest Delta after calibration correction is 0.52 dB. 
Mean value of the measured power - 7.41W. 
Standard Deviation - .34W - 
.19 dB. 


Note: -30 dB RETURN LOSS - c of 0.03 andVSWR of 1.06:1. 


TableII.Rl Effects on OutputPower 


Load Resistance 
Transformed Load 
OutputPower 
Cumulative 


IS) 
Resistance (Q) 
(W) 
AdB 
AdB 


45 
6.30 
55.73 
.095 
.095 


46 
6.44 
54.52 
.093 
.189 
47 
6.58 
53.36 
.091 
.280 


48 
6.72 
52.25 
.090 
.370 


49 
6.86 
51.18 
.087 
.457 


50 
7.00 
50.16 
.086 
.543 


51 
7.14 
49.18 
.085 
.628 


52 
7.28 
48.23 
.083 
.710 


53 
7.42 
47.32 
.081 
.791 


54 
7.56 
46.45 
.080 
.871 


55 
7.70 
45.60 


Maximum Delta dB Vs. VSWR 


VSWR 
Maximum AdB 


1.02 
.17 d.085) 
1.04 
.34 (±.17) 
1.06 
.51 (±.255) 
1.08 
.68 (±.34) 
1.10 
.87 (±.435) 


various loadimpedances. Our example utilizes a 
real-to-real impedance match for convenience. The 
analysis also is appropriate for an imaginary-to- 
real match in that center of the VSWR circle at 
the input to the matching network will be 
rotated but won't change in magnitude from the 
data presented. 


CONCLUSION 
The data presented in table represents the power 
variation into a load with a VSWR of 1.1:1 
relative to 50Q. The result is a power output of 
50W ± 5.3W (±.435 dB).The total Deltais 
10.3W (.87 dB). Thisis enough to: 
A) Makea good circuit look bad,or... 
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B)Make a badcircuit look good. 


This analysis was done for a single frequency. 
The problem is compounded in a broadband 
environment by requirements for a good broad 
band load impedance. 


TEST EQUIPMENT ACCURACY 
Test equipment manufacturers have produced 
somevery impressive equipment in recent years; 
however, the accuracy of a wellconstructed 
system using the latest equipment available is 
generally considered to be nobetter than ±3%. 
Considering the number of variables in RF testing 
and the magnitude of the task faced by the test 
equipment manufacturers, ±3%is no small 
achievement. However, ±3% is ±.13 dB. This 
±.13 dB added to the ±.435 dB indicated 
earlier yields a total possible error magnitude of 
±.565 dB. This adds up to a total possible error 
of ±14% into a load with 1.1:1 VSWR. The 
output power range of our amplifier is now 50W 
± 7.05W. 


Nowwe see how bad things can be, a few com 
ments on reality arein order. 


The author believes that the correlation target 
for the test of RF power devices should be ±0.2 
dB, which we believe is the optimum tolerance 
for combining strictquality standards andthe 
need for easy repeatability under series produc 
tion conditions. If more than an occasional device 
fails this test, do not assume that the devices 
areat fault. Instead, first analyze the test circuit 
and then the test system to determine the 
reason for the additional error. Some suggestions 
on how to maintain a ±0.2 dB correlation are 
shown in Table 111. 


AN1032 


Table III. Notes 


Suggestionsto the Maintenance of Correlation 


1. Serialize anddocument allcomponents (attenuators, 
directional couplers, power meters, detectors, etc.)of 
the test system.Donot disturb the system once 
calibration has beenperformed. Calibrate the system 


once a month. 


2. Require that loads havea calibration return loss 
>-35 dB (VSWR of 1.05:1)in frequency bandol 
interest. 


3. Dedicate test systems to specific circuits or 
products. This is necessary forbothcorrelation and 
product continuity. 


4. Theplacement of transistors inthe test fixtures 
must be uniform. For instance, flanged transistors 
should be placed in the test fixtures withthe device 
pushed towards collector load circuitry. 


Tha 0.2 dBtarget is an achievable target in 
broadband test systems. However, a constant 
awareness of the test systemcapabilities and 
potential problem areas is mandatory. RF correla 
tion problems will never go away,but they can 
be made easier to handle. 


5. Beselective when using cables intest systems. For 
example, the MIL-C-17 specification for "RG" cable 
types says that RG-58 can have a characteristic im 
pedance from 48 to 52Q (maximu VSWR of 
1.04:1)when terminated in a "perfect"SOQload. 


6. Bevery selective when choosing RF switches. The 
VSWR of a mechanical switch will vary with time. 


7. If possible, terminate the system witha 50Q load 
rather than an attenuator. Load manufacturers need 
only consider the VSWR of a load.However, for 
attenuator, tradeoffs must be made between VSWR 
andfrequency response. Measure power and other 
performance parameters viacalibrated drectiwial 
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MATCH IMPEDANCES IN MICROWAVE AMPLIFIERS 


and you're on the way to successful solid-state designs. 
Here's how to analyze input/output factors and to create a practical design. 


By Roger DeBloois 


The 
key 
to successful 
solid-state microwave 
power-amplifier design 
is impedance matching. 
In 
any 
high-frequency 
power-amplifier 
de 
sign, improper impedance matching will degrade 
stability and reduce circuit efficiency. At micro 
wave frequencies, this consideration is even more 
critical, since the transistor's bond-wire 
induc 
tance and 
base-to-collector capacitance become 
significant elements in input/output impedance 
network design. 
In 
selecting a 
suitable transistor, 
therefore, 
keep in mind that the input and output imped 
ances are critical along with power output, gain 
and efficiency. 
Unless the selected transistor is used at fre 
quencies that are much lower than the maximum 
operating 
frequency, 
the 
input 
impedance 
is 
largely 
inductive with 
a small 
real 
part. The 
large inductance is due to bond wires that con 
nect the transistor chip to the input lead of the 
package and to the common-element bond wires. 
The small real part of the input impedance is due 
to the large geometries required to generate high 
power at high frequencies; the base bulk resist 
ance may bo the predominant, part of the real 
input impedance. 


Use microstrip stubs at input network 


The first and most important step in designing 
the input matching network for the selected de 
vice is to provide a shunt capacitance that will 
resonate the inductive component of the input 
impedance. This step forms the low-pass match 
ing section of the network and should provide 
the smallest possible transformed impedance. To 
minimize the inductive component, the input and 
common-element lead lengths must be kept short. 
The resonating capacitance is generally best 
provided by a microstrip stub. In some cases the 
stub producing the required 
capacitance is 
so 
large that 
a 
practical 
circuit 
size 
cannot 
be 
realized. It is best then to distribute as much of 


7k** 
TRiliSFORWEO 
LOAD WPEDANC? 


1. In this 
output equivalent circuit, capacitance 
C0LT 
is almost 
equal 
to 
the 
selected transistor's collector- 
to-base capacitance Cob. 


this capacitance as is physically practical and to 
provide the balance with high-quality chip ca 
pacitors. 
The first section of the impedance matching 
network is extremely important because it can 
degrade the stability of the amplifier if it is not 
well designed. Depending on the design frequency 
of the amplifier and the transistor selected, the 
resonated real impedance can range from 
less 
than 50 ft to much higher. When it is below 50 fl, 
an additional low-pass matching section can be 
conveniently added to achieve the required 50-ft 
impedance at the input. 
The higher-impedance case presents a special 
problem 
if 
microstrip 
techniques are 
used 
to 
build the matching network. The problem occurs 
because the resonated impedance may be as high 
as 300 ft. Reducing this to 50 ft by use of a low- 
pass 
network configuration 
requires 
a 
series- 
transmission line that will behave as an inductor. 
The rule of thumb is that the characteristic im 
pedance of the transmission line must be at least 
twice the higher impedance before such behavior 
results. Examination of the accompanying table 
shows that characteristic impedance lines of great 
er than 100 ft are very narrow. Narrow trans 
mission lines (less than 0.01-inch wide) 
should 
be avoided wherever possible, because repeatabil 
ity of width dimensions is poor. Also, the loss in 
a 
narrow line may become excessive. 
A better 
solution 
is to use a quarter-wave transmission- 
line transformer with a characteristic impedance 
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equal to the square root of the 50-ft impedance 
product: Z„ = 
V 50 Z„. 


Make output bandwidth wider than input 


The output impedance of a microwave power 
transistor is usually defined as the conjugate of 
the load impedance required to achieve the de 
vice performance. A typical output equivalent cir 
cuit is shown in Fig. 1. The capacitance C„„, is 
nearly equal to the collector-base capacitance Co1, 
specified for the selected transistor. 
L, 
is 
the 
inductance of the bond wires used to bridge from 
the collector metallization area to the package 
output lead, and 
Lc„,„ represents the inductive 
effects of the common element bond wires. 
For correct operation of the transistor, the 
ultimate load impedance must be transformed to 
a real impedance across the current generator. 
This real impedance is determined by 
R __ [V.c-Vc.(sat)]' 
Rl~ 
2P0Ul 
The load 
impedance presented 
to the 
package 
terminals will contain the real impedance at the 
current generator, transformed to a lower value 
by the low-pass L section formed by C„„, and the 
parasitic inductances L( and 
L-„.,.. 
Usually the 
reactive part of the load impedance is made in 
ductive to tune out the residual capacitance of 
the device. 
The output matching network should be de 
signed so it has greater bandwidth than the in 
put matching network. Providing a good collector 
match, both above and below the design frequen 
cy, ensures that the input power will be reflected 
before the collector VSWR 
rises to values that 
endanger the transistor. In this way the tran 
sistor is protected from off-frequency operation. 
The amount of additional bandwidth required for 
protection of the transistor depends on the rug 
gedness of the transistor 
used. 
The manufac 
turer's specifications for VSWR tolerance and 
input Q can be a guide for determining the band 
width requirements of the input matching net 
work. 
One technique for obtaining the required band 
width is to resonate a portion of the capacitive 


2. With this typical microwave amplifier breadboard lay 
out, the entire board can be soldered to 
a metal plate 
to provide a path for thermal cooling. 


reactance 
of 
the 
transistor output 
impedance 
with 
a 
shunt inductor. The shunt inductor can 
also be used to feed the collector supply voltage 
to the transistor. Additional transformation may 
be obtained from a low-pass matching section. 
By adjusting the amount of shunt inductance 
and rematching with the low-pass section, the 
designer can create a 
truly 
broadband output 
match. 


Don't overlook base and collector paths 


In addition to matching the device impedances, 
direct-current paths must be provided to the base 
and collector of the transistor. The collector path 
is provided by 
the shorted stub in the imped 
ance-matching network. The base path requires 
the addition of a choke from the base to ground. 
The choke can be a lumped element or a distribu 
ted shorted stub of sufficient impedance to 
be 
negligible in the circuit. A quarter-wavelength 
stub is ideal. The narrowest practical line should 
be selected. In addition a dc blocking capacitor 
is required in the collector circuit. Also needed is 
a 
bypass capacitor to 
provide the 
proper ac 
shorting point for the inductive stub in the col- 
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Microstrip Z0and velocity factor vs width-to-height (W/H) ratio. 


(Prepared by Don Schuiz, Applications Engineer) 


W/H 


Air 
K = 
1.0 
z. 
vP 


Teflon 
K 
= 
2.55 
z; 
Vp 


Epoxy 
K 
= 
4.25 
z. 
VP 


Alumina 
K 
= 9.6 
Z. 
Vp 


0.630 
168.425 
1.000 
110.683 
0.657 
87.986 
0.522 
60.977 
0.362 


0.695 
161.878 
1.000 
106.258 
0.656 
84.414 
0.521 
58.441 
0.361 


0.766 
155.370 
1.000 
101.865 
0.656 
80.870 
0.521 
55.927 
0.360 


0.844 
148.909 
1.000 
97.509 
0.655 
77.360 
0.520 
53.440 
0.359 


0.931 
142.506 
1.000 
93.199 
0.654 
73.888 
0.518 
50.985 
0.358 


1.026 
136.171 
1.000 
88.941 
0.653 
70.463 
0.517 
48.566 
0.357 


1.131 
129.916 
1.000 
84.745 
0.652 
67.090 
0.516 
46.187 
0.356 


1.247 
123.753 
1.000 
80.616 
0.651 
63.775 
0.515 
43.853 
0.354 


1.375 
117.692 
1.000 
76.565 
0.651 
60.524 
0.514 
41.568 
0.353 


1.516 
111.746 
1.000 
72.597 
0.650 
57.345 
0.513 
39.337 
0.352 


1.672 
105.926 
1.000 
68.721 
0.649 
54.243 
0.512 
37.164 
0.351 


1.843 
100.242 
1.000 
64.944 
0.648 
51.223 
0.511 
35.053 
0.350 


2.032 
94.706 
1.000 
61.273 
0.647 
48.291 
0.510 
33.007 
0.349 


2.240 
89.327 
1.000 
57.714 
0.646 
45.451 
0,509 
31.030 
0.347 


2.470 
84.115 
1.000 
54.271 
0.645 
42.709 
0.508 
29.123 
0.346 


2.723 
79.076 
1.000 
50.951 
0.644 
40.066 
0.507 
27.289 
0.345 


3.002 
74.218 
1.000 
47.757 
0.643 
37.527 
0.506 
25.531 
0.344 


3.310 
69.546 
1.000 
44.692 
0.643 
35.094 
0.505 
23.849 
0.343 


3.649 
65.065 
1.000 
41.759 
0.642 
32.768 
0.504 
22.244 
0.342 


4.023 
60.779 
1.000 
38.959 
0.641 
30.550 
0.503 
20.716 
0.341 


4.435 
56.689 
1.000 
36.292 
0.640 
28.440 
0.502 
19.266 
0.340 


4.890 
52.796 
1.000 
33.760 
0.639 
26.439 
0.501 
17.892 
0.339 


5.391 
49.100 
1.000 
31.360 
0.639 
24.544 
0.500 
16.594 
0.338 


5.944 
45.600 
1.000 
29.091 
0.638 
22.755 
0.499 
15.370 
0.337 


6.553 
42.291 
1.000 
26.952 
0.637 
21.069 
0.498 
14.218 
0.336 


7.224 
39.173 
1.000 
24.938 
0.637 
19.485 
0.497 
13.138 
0.335 


7.965 
36.233 
1.000 
23.047 
0.636 
17.998 
0.497 
12.125 
0.335 


8.781 
33.484 
1.000 
21.275 
0.635 
16.606 
0.496 
11.179 
0.334 


9.681 
30.904 
1.000 
19.618 
0.635 
15.305 
0.495 
10.295 
0.333 


10.674 
28.491 
1.000 
18.071 
0.634 
14.091 
0.495 
9.472 
0.332 


11.768 
26.240 
1.000 
16.629 
0.634 
12.961 
0.494 
8.707 
0.332 


12.974 
24.143 
1.000 
15.288 
0.633 
11.911 
0.493 
7.996 
0.331 


14.304 
22.192 
1.000 
14.043 
0.633 
10.937 
0.493 
7.338 
0.331 


15.770 
20.381 
1.000 
12.888 
0.632 
10.033 
0.492 
6.728 
0.330 


17.387 
18.702 
1.000 
11.818 
0.632 
9.198 
0.492 
6.164 
0.330 


19.169 
17.148 
1.000 
10.830 
0.632 
8.425 
0.491 
5.644 
0.329 


21.133 
15.172 
1.000 
9.917 
0.631 
7.713 
0.491 
5.164 
0.329 


23.300 
14.385 
1.000 
9.074 
0.631 
7.056 
0.490 
4.722 
0328 


25.688 
13.162 
1.000 
8.299 
0.630 
6.451 
0.490 
4.315 
0.328 
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Table continued 


W/H 


Air 
K - 
z. 
1.0 
vP 


Teflon 
K 
° 
2.55 
Z. 
Vp 


Epoxy 
K - 
4.25 
z. 
VP 


Alumina 
K « 
9.6 
Z. 
VP 


28321 
12.036 
1.000 
7.585 
0.630 
5.894 
0.490 
3.942 
0327 


31.224 
10.999 
1.000 
6.929 
0.630 
5383 
0.489 
3.598 
0327 


34.424 
10.047 
1.000 
6.326 
0.630 
4.914 
0.489 
3.284 
0.327 


37.953 
9.172 
1.000 
5.773 
0.629 
4.483 
0.489 
2.995 
0.327 


41.843 
8370 
1.000 
5.266 
0.629 
4.089 
0.489. 
2.731 
0.326 


♦46.132 
7.634 
1.000 
4.801 
0.629 
3.727 
0.488 
2.489 
0.326 


50.860 
6.960 
1.000 
4.376 
0.629 
3.397 
0.488 
2.267 
0.326 


56.073 
6.343 
1.000 
3.987 
0.629 
3.094 
0.488 
2.065 
0.326 


61.821 
5.779 
1.000 
3,632 
0.628 
2.818 
0.488 
1.880 
0.325 


68.157 
5.264 
1.000 
3.307 
0.628 
2.566 
0.487 
1.711 
0.325 


75.144 
4.792 
1.000 
3.010 
0.628 
2.335 
0.487 
1.557 
0.325 


82.846 
4.362 
1.000 
2.739 
0.628 
2.125 
0.487 
1.417 
0.325 


91.337 
3.969 
1.000 
2.492 
0.628 
1.933 
0.487 
1.289 
0.325 


100.700 
3.611 
1.000 
2.267 
0.628 
1.758 
0.487 
1.172 
0324 


lector-matching network. 
Selection of a blocking capacitor is relatively 
straightforward. The capacitor should be chosen 
to provide low loss at the operating frequency 
while maintaining the capacitance at a 
value 
that inhibits low-frequency oscillation. The latter 
is caused by the series capacitor's tendency to 
display 
rising 
reactance with 
decreasing 
fre 
quency. 
Blocking capacitors must be large enough to 
preserve coupling characteristics down to a fre 
quency where the shunt-feed chokes can effec 
tively short the respective port to ground. Cou 
pling capacitors should not be excessively large, 
or they may produce as much as 1-dB loss in 
gain with a corresponding decrease in efficiency 
in the case of collector coupling capacitors. The 
Q of the coupling capacitor determines the ac 
ceptable range of capacitance values and is gen 
erally inversely related to capacitance. 
Bypass capacitors are selected by analysis of 
the same considerations as those for blocking 
capacitors. A large bypass capacitor (tantalum 
or electrolytic), placed from the dc feedpoint to 
ground, prevents tendencies toward low-frequen 
cy oscillation in the circuit. Also, it may be neces 
sary to add smaller bypass capacitors to preserve 
stability over a wide range of frequencies. 


Adjust for bandwidth and physical dimensions 


The circuit design may be adjusted quickly for 
bandwidth requirements through use of a com 
puter optimization program such as Magic, of 


fered by University Computing of Dallas, Tex. 
When that step is finished, electrical dimensions 
must be converted to physical dimensions. 
At this point in the design sequence, the di 
electric material must be chosen. Three common 
ly 
used materials are Teflon 
fiberglass, epoxy 
fiberglass and alumina. Above 500 MHz, epoxy 
fiberglass exhibits too many losses to be a good 
choice. Teflon fiberglass can be used up to sever 
al gigahertz; it has reasonable dielectric losses 
and is easy to process. Alumina, a ceramic, offers 
a high dielectric constant, good dimensional con 
sistency and small circuit geometry. 
When plastic materials are used, it's a good 
practice to measure the material thickness and 
dielectric constant, because variations are com 
mon. In a recent test the dielectric constant of a 
sheet of epoxy fiberglass material was measured 
at 4.55 at 1 MHz and 4.25 at 500 MHz. If the 
manufacturer's value of 5.5 had been used for 
the design of matching networks, considerable 
error would have resulted. 
The physical dimensions of the matching cir 
cuitry may be calculated from the data in the 
table. The line lengths are scaled by the velocity 
factor, which is equal to Z„/Z„ 
, in air for a 
constant width-to-height ratio, W/H. 
The final design of a typical breadboard micro 
wave amplifier is shown in Fig. 2. The ground 
areas on the top of the board are connected to 
the microstrip ground plane by 2-mil-thick foil 
wrapped around the edges of the board and the 
areas directly under the emitter leads of the 
transistor. The foil is secured to the top and bot- 
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3. The immittance chart, with values specified for the 
design example, 
indicates the 
necessary inductive and 


tom surfaces with solder. Plating may be used 
for production units. The entire board can be 
soldered to 
a 
metal 
plate to 
allow 
connector 
mounting and to provide a thermal path for the 
heat generated by the transistor. 
The initial tune-up of the amplifier matching 
circuits can be expedited by use of a network 
analyzer and a precision load on the input or 
output connector. The circuit can be adjusted to 
match the nominal impedances supplied by the 
transistor manufacturer. 
Distributed stubs are 
purposely. made longer than necessary and are 
adjusted to the correct length by trimming of the 


capacitive stubs. Impedance transformations are achiev 
ed by 50-ft series-transmission lines. 


foil on the capacitive stubs. The inductive stub 
in the output network is adjusted by positioning 
of the bypass capacitor along the stub and the 
adjacent ground plane. 
This procedure results in a load line that is 
fairly close to optimum. A transistor can now 
be inserted in the circuit and the collector match 
ing network readjusted for maximum collector 
efficiency. Stub tuners are used to match the 
amplifier input impedance, so that only one vari 
able at a time need be considered. Initially it 
may be necessary to operate the transistor at re 
duced collector voltage and power output to avoid 
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excessive stress. When maximum efficiency 
is 
obtained, the stub tuner is removed and the in 
put network adjusted for minimum input VSWR. 


Now let's design an impedance-matching circuit 


Let's consider a practical example of a pro 
cedure 
for 
the design of impedance-matching 
circuitry. 
The 
sample 
circuit 
uses 
a 
TRW 
2N5596 at 700 MHz as the active device. 
Specifications for the completed amplifier are: 


Zin 
Z0ul 
p..« 
Gp 


V 


50 n, 
50 ft, 
20 W, 
7 dB, 
55% minimum. 


Specifications for the TRW 2N5596 are: 


P01„ = 
20 W at 1 GHz, 
tj 
= 55% minimum at 1 GHz, 
Gp 
= 
5 dB minimum at 1 GHz, 
Z,„ 
= 
2.5 + J4.0 at 700 MHz, 
Zout = 
6.0 - 
J12.5 at 700 MHz. 


In 
practice, the gain of a common-emitter 
amplifier decreases at a rate of 4 to 5 dB per 
octave. The 2N5596 at 700 MHz produces about 
7 dB of gain. Therefore approximately 4 W of 
drive will be required to produce 20 W of output 
power. The collector efficiency can be expected 
to increase at the lower frequency, but it is diffi 
cult to estimate because it is a complex phenome 
non. Manufacturers' curves of typical behavior 
are useful. Output power will not increase sig 
nificantly with the decreased frequency. 
The efficiency-frequency relationship depends 
on 
device fT and ballasting. Heavily ballasted 
transistors tend to give increased efficiency as 
frequency is decreased. However, they level out 
at a lower efficiency than a nonballasted part 
because of PR losses 
in ballast resistors. The 
average increase in efficiency as a result of de 
creasing 
frequency 
is 
about 20% 
per octave. 
Values from 10 to 40% 
per octave have been 
measured. 
The initial phase of the design is best ac 
complished on an immittance chart. The chart 
with appropriate values indicated for the sample 
design is shown in Pig. 3. The input match is 
achieved when the input impedance is resonated 
with a capacitive susceptance of 0.18 mhos. This 
susceptance is realized by use of a pair of capaci 
tive microstrip stubs. Each stub must exhibit a 
reactance of 2 
x 
1/0.18 mhos, or 11.1 
fl. The 
length of the stub may be calculated by 


tan G = 
-=^-. 


For ease of adjustment, the length of the 
stubs should be less than 60 degrees. Because ca 


pacitive reactance is a tangential function, the 
reactive variations per unit length become in 
creasingly severe past 60 degrees. It is better to 
decrease Z. rather than to use longer stubs to 
achieve higher capacitance. Therefore Z„ ^ 
1.732 
Xr 
£= 19.24 ft. 
Because it is easier to shorten a 
microstrip stub than to lengthen it, the Z„ of 
15 ft, for example, provides sufficient adjustment 
range to accommodate device variations. 
The next step is to transform the resonated 
impedance to 50 ft. This is accomplished by a 
series-transmission line with a characteristic im 
pedance of 50 ft. From Fig. 3, we see that the 
length of this line can be directly determined to 
be 0.062 wavelengths, or 22.3 degrees, long. A 
capacitive susceptance of 0.040 mhos completes 
the transformation. Again, a pair of capacitive 
stubs will provide the susceptance. For ease of 
converting the design to microstrip dimensions, 
it is convenient to choose a Z0 for the second 
stub that is equal to that selected for the first. 
Therefore: 


tane = 
Z„ 
Xr -^--03 
~ 50 -03' 
or O = 16.7 degrees. 
In this case the length chosen is 20 degrees to 
allow for some adjustment. 
The output match is achieved by partial reso 
nating of the device's output impedance with an 
inductive susceptance. While the amount of sus 
ceptance chosen is arbitrary at this point, the 
output network bandwidth is affected by 
the 
value. From Fig. 3, we can determine that 0.05 
mhos is required for the first matching element. 
This susceptance is achieved by use of a shorted 
microstrip stub. The length of the stub may be 
calculated from the equation 


z„ 
• 
If Z0 of the stub is arbitrarily chosen to be 50 ft, 
tone =-§-:= 0.4. 


0 = 21.8 degrees. 
Again, the stub is made somewhat longer be 
cause it can be 
adjusted by sliding the chip 
capacitor (ac short) up or down the line length. 
The remaining transformation is achieved by a 
50-ft series-transmission line of 0.15 wavelengths 
(54 degrees long) and a capacitive susceptance 
of 0.014 mhos. Selecting a pair of 50-ohm micro- 
strip lines to provide the susceptance requires a 
stub length of 


1 
Xc = 2 x 


Z 


tan o 
= 


= 143 ft. 
0.014 
50 
Xc 
_ 
143 
A 
stub 
length 
of 
25 
degrees 
will 
provide 
an 
adequate allowance for 
adjustment of the 
circuit •• 


tan = V" = n? = 0-350 = 19.3 degrees. 
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THREE BALUN DESIGNS FOR PUSH-PULL AMPLIFIERS 


SINGLE RF power transistors seldom 
satisfy today's design criteria; sever 
al devices in separate packages] or in the same package 
(balanced, push-pull or dual transistors), must be coupled 
to obtain the required amplifier output power. Since high- 
power transistors have very low impedance, designers are 
challenged to match combined devices to a load. They often 
choose the push-pull technique because it allows the input 
and output impedances of transistors to be connected in 
series for RF operation. 
Balun-transformers provide the key to push-pull design, 
but they have not been as conspicuous in microwave circuits 
as at lower frequencies. Ferrite baluns2 have been applied 
up to 30 MHz; others incorporating coaxial transmission 
lines operate in the 30-to-400-MHz range.5 
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The success of these two balun types should prompt the 
microwave designer to ask if balun-transformers can be 
included in circuits for frequencies above 400 MHz. Theory 
and experimental results lead to the emphatic answer: yes! 
Not only will baluns function at microwave frequencies, but 
a special balun can be designed in microstrip form that 
avoids the inherent connection problems of coax. 
On the next six pages, you will observe the development 
of three balun-transformers—culminating with the micro- 
strip version. None of the baluns was tuned nor were the 
parasitic elements compensated. In this way, the deviation 
of the experimental baluns from their theoretical per 
formance could be evaluated more easily. The frequency 
limitations imposed by the parasitic elements also were 
observed more clearly. 


I. A balun transforms a balanced system that is 
symmetrical (with respect to ground) to an un 
balanced system with one side grounded. Without 
balun-transformers, the minimum device impedance 
(real) that can be matched to 50 ohms with acceptable 
bandwidth and loss is approximately 0.5 ohms. The 
key 
to 
increasing 
the 
transistors' 
output power is reducing this 
im 
pedance ratio. 
Although 3-dB hy 
brid combiners can double the maxi 
mum power output, they lower the 
matching ratio to only 50:1. Balun 
transformers can reduce the origi 
nal 100:1 ratio to 6.25:1 or less. The 
design offers other advantages: the 
baluns and associated matching cir 
cuits have greater bandwidth, lower 
losses, and reduced even-harmonic 
levels. 


2. Baluns are not free of disadvan 
tages. Coupling a pair of push-pull 
amplifiers with 3-dB hybrids avoids 
(for four-transistor circuits) one of 
these: the higher broadband VSWRs 
of balun-transformers. A second dis 
advantage, the lack of isolation be- 
Asa^w m, 
tween 
the two transistors 
in 
each 
firrMoME 
push-pull configuration, is outweighed by the advan 
tages of the balun design in reducing the critical 
impedance ratio. 
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3. 
In this simple balun that uses a coaxial trans 
mission line, the grounded outer conductor makes an 
unbalanced termination, and the floating end makes 
a balanced termination. Charge conservation requires 
that the currents on the center and the outer conduc 
tors maintain equal magnitudes and a 180-degree 
phase relationship at any point 
along 
the 
line. 
By properly 
choosing the length and charac 
teristic impedance, this balun 
can be designed to match de 
vices to their loads. In the case 
shown, if 0A = 90 degrees, the 
matching condition is: 


Experimental vertion of c 
balun 
using coaxial lines 
Z.1 = 2xR.\50. 
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4. By adding a second coaxial line, the basic balun can 
be made perfectly symmetrical. In this symmetrical coaxial 
balun, the bandwidth (in terms of the input VSWR) is 
limited 
by 
the 
transformation 
ratio, 
50/2R, 
and 
the 
leakages, which are represented by lines B and C. If ZA = 
50 ohms and R = 25 ohms, the bandwidth is constrained 
only by the leakages. 


5. The equivalent circuit for the symmetrical balun 
shows the effect of the leakages (lines B and C) on its 
performance. A broadband balun can be obtained by using 
a relatively high characteristic impedance for these leakage 
lines. 
In theory, the construction of the baluns insures 
perfect balance. 


6. The symmetric balun's Input equivalent circuit further 
simplifies its configuration and allows the input VSWR to 
be calculated.4 In this design, line A has a characteristic 
impedance of ZA=50 ohms, a length of LA =1799 mils, and 
a dielectric constant (relative) of <r=2.10. For lines B and 
C, Z„=30 ohms. M799 mils, and e„r = 2.23. 


L=1799 


7. The theoretical Input VSWR has been calculated for 
50-ohm values of ZA and 2R, and for two other sets of values 
for these parameters. The performance of an experimental 
balun will be compared with these theoretical results. 


8. Two A/16 line-section Chebyshev Impedance trans 
formers match the experimental balun to a 50-ohm meas 
urement system. The balun was tested from 0.6 to 1.5 GHz. 
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9. The measured phase difference and insertion loss 
difference, which indicate the maximum unbalance for 
the Design 1 experimental balun, are 3 degrees and 0.2dB, 
respectively. 


10. The maximum VSWR measured for the first 
design Is 1.5:1. Note the comparison between the 
calculated and measured response. The performance 
shown can be considered valid for amplifier applica 
tions up to an octave range. 
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11. The second balun design adds two Identical 
coax lines to the simple balun just described. The 
inputs of the identical lines are connected in series 
to the output of the first balun. By putting their 
outputs in parallel, the final output becomes sym 
metrical. The output impedance is halved. 


12. The equivalent circuit for the Design 2 balun 
indicates that its bandwidth, in terms of input VSWR, 
is limited by the transformation ratios of the first and 
second sections and the leakages represented by lines 
B, C, E, and G. If the balun is designed with ZA = 
50 ohms, and Zo = ZF = 25 ohms, and if the load, 
2R, is set at 2x6.25 ohms, all of the transmission lines 
will be connected to their characteristic impedances. 
In this case, the bandwidth will be limited by the 
leakagealone, and a broadband balun can beobtained 
by choosinglines B, C, E, and G with relatively high 
impedance and A/4 length for the center frequency. 
The balun achieves a transformation from 50 ohms to 
twice 6.25 ohms without causing a standing wave in 
the coaxial cables. 


13. The performance of the Design 2 balun can 
be calculated using Its equivalent circuit. The 
calculated VSWR shows a response very close to the 
simple coaxial balun (Fig. 10)because the new second 
section has four times the bandwidth of the first 
section. This design and its two companions are 
intended to have octave bandwidths centered at 1.1 
GHz, the central frequency used in distance measur 
ing equipment (DME,1.025to 1.150GHz)and tactical 
air navigation (TACAN, 0.960 to 1.215 GHz). For line 
A:ZA = 50ohms, LA = 1799 mils, «r = 2.10; linesB, 
C,E, and G: Z0 = 30ohms,L = 1799 mils, <tff = 2.23; 
lines E and F: Zo= 25 ohms, L = 1799 mils, tr = 2.10. 
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Two-section balunoften usedi 
100-to-lOO Mlh range. 


14. Two 
.\/4 
transformers 
match the experimental two- 
section coaxial balun's 6.26- 
ohm impedance to the 50-ohm 
load. 
Although 
these 
trans 
formers drastically reduce the 
bandwidth 
(in 
terms 
of the 
VSWR), they don't affect the 
balance. 


15. The measured phase difference and meas 
ured Insertion loss difference are plotted for the 
two-section coaxial balun (Design 2). The max 
imum unbalances for these two measurementsover the 
octave bandwidth are 1 degree and 0.2 dB. 


16. The calculated and measured values for the 
Input VSWR for the Design 2 balun show close 
agreement between the experimental and predicted 
performances. This indicates that the parasitic induc 
tors at the connections are negligible to at least 1.4 
GHz. Moreover, the balun has excellent balance to 1.4 
GHz and achieves the 4:1 
transformation without 
causing a standing wave in the coaxial line. Despite 
the many excellent qualities of the Design 1 and 
Design 2 baluns, the necessary coaxial line connection 
limits them to approximately 2 GHz. 


17. The problems associated with the previous 
coaxial baluns can be reduced or eliminated by 
using a balun that allows 
a microstrip coplanar 
arrangement of the input and output lines, which 
greatly simplifies the connections to the amplifier. 
This balun'consists of an input line, A, connected in 
series to three elements in the center of the half- 
wavelength cavity: a reactive open-circuit stub, B, and 
the A/4 output lines, C and D. 
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18. The equivalent circuit of the Design 3 coaxial 
version balun shows lines C and D connected to place 
their input signals in antiphase, thereby producing 
two antiphase signals at their outputs. Transmission 
line impedances and lengths are optimized to achieve 
the correct input/output transformation ratio and a 
good match across the desired bandwidth. If only one 
frequency or a narrow bandwidth is desired, and all 
lengths are A/4, the matching condition ZAV50 = 
2ZC'/R, will occur. In this case, ZE (ZE= ZK) and ZB 
have no significance except for loss. 
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19. The coplanar arrangement of Input and output 
lines can be accomplished with microstriptechnol 
ogy. The uppermost conductor planecontainsinput 
line A, output lines C and D, and the open stub B. 
Couplingbetween these lines is avoidedby separating 
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them by at leastoneline width. The middleconductoi 
carries the ground plane for the lines. To avoid 
radiation loss, the center conductor must extend at 
least one line width to either side ol the upper plane 
circuit line. The balun resonant cavity is formed by 
the 
region between 
the 
/""^ middle and the lower con- 
J9J ductor planes. A hole for 
the cavity is cut in the 
circuit fixture, filled with 
dielectric, 
and 
covered 
with the middle conductor 
plane. 
The 
end-to-end 
length of the cavity is nom 
inally a half-wavelength at 
midband. 
To 
avoid 
dis 
turbance of the field dis 
tribution, the cavity width 
must 
be 
at 
least 
three 
times 
the width 
of the 
middle 
conductor 
plane. 
The arms of the balun cavi 
ty are folded to produce 
two paralleland proximate 
output transmission lines. 
This configuration is more 
suited 
to 
coupling 
two 
transistors than the ori 
ginal layout in which the 
two outputs were on op 
posite sides (Fig. 17). 
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20. The Input equivalent circuit for the microstrip 
version of the Design 3 balun allows its theoretical 
performanceto be calculated.The design parameters 
shown providea microstrip circuit that can be com 
pared with the coaxial balunsof Design 1and Design 
2. Transmission line A and lines C and D are loaded 
by their characteristic impedances—in this case, 50 
and 25 ohms. The cavity and the stub impose the 
principal frequency limitation. The impedances of 
these elements are dictated by the properties of the 
availabledielectric substrates (glass-Teflon 0.020and 
0.0625 inches thick). 
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21. The Input VSWR can be calculated based on 
the equivalent circuit for the microstrip balun. For 
a one-octave bandwidth, the input VSWR is lower 
than 1.75:1.This calculated performance is similar to 
that of the two previous balun designs. The design 
of the microstrip has theoretically perfect balance. 
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THREE BALUNS FOR PUSH-PULL AMPS- 


22. The equivalent circuit of the microstrip balun 
shows it during performance measurements with 
A/16 matching lines. The experimental model uses 
18-mil glass-Teflon («, = 
2.55) for the tap circuits 
and 62.5 mil glass-Teflon 
for 
the 
cavity. 
Balance 
properties were measured 
with 
a 
50-ohm 
system, 
which was transformed to 
25 ohms by the A/16 line- 
section 
Chebyshev 
im 
pedance 
transformers, 
which 
have a 
bandwidth 
Ihe ripenmeiilal mierostnp Mun show 
, 
_ .._ , 
,„,.,-,., 
mo the uppermost conductor pUlne 
VCOXtt 0.900 to 1.215 GHZ. 


23. The unbalance between output ports for a one- 
octave bandwidth is shown in the measured 
1.5- 
degree maximum phase difference and 0.15-dB max 
imum insertion loss difference. 


24. The central frequency is 10 percent higher 
than expected, but response is close to the calculated 
values if relative frequency isconsidered. Ifthe output 
transformers and their effect on input VSWR are 
disregarded, an octave bandwidth with a maximum 
input VSWR of around 2.0:1 can be obtained. The 100- 
MHzshift between the two curves may be caused by 
the improper determination of the folded cavity's 
electrical length. Similar calculation inaccuraciesmay 
arise from effects at the balun junction and from the 
electrical length of the stub. As in the calculated 
response, the experimental microstrip balun performs 
comparably to the two coaxial designs. 


25. 
The similarity In the performance of the three 
balun designs within the considered frequency 
bands indicates that the parasitic elements do not 
significantly affect the theoretical properties. The 
frequency limit is higher than 1.5 GHz for all three. 
In the 0.960-to-1.215-GHz bandwidth (TACAN and 
DME applications), each performed with satisfactory 
balance. The table compares the main characteristics 
of the balun designs. 
The phase differences (±1.5 degrees) for all three 
baluns are similar to those experienced with the 
miniature 3-dB hybrid couplers that are normally 
used to combine transistors for microwave balanced 
amplifiers. But the insertion loss differences of the 
baluns are better—0.2 dB for a one-octave bandwidth 
compared with 0.5 dB. 
The physically simple microstrip balun eliminates 
the connection problem inherent in coaxial designs: 
physical variances that breed standing waves and 
unbalance. Microstripping the transmission lines al 
lows a designer to choose any value of characteristic 
impedance of the lines. Consequently, the microstrip 
balun is both more manageable and more controllable. 
Since the balun load impedance will vary with 
frequency, the best results will be obtained by simul 
taneously optimizing the balun parameters with those 
of the matching network. The transistor's internal 
prematching network must be considered.•• 
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Performance of the Three Balun Designs 


Type of 
balun 


Coaxial I 
(Design 1) 
Coaxial II 
(Design 2) 
Microstrip 
(Design 3) 


Balun 
loads, R 
(ohms) 


25 


Maximum experl- 
Theoretical 
mental unbalance 
Input VSWR 
tor one-octave 
for: 
bandwidth 
-i*(°) 
AMAG 
960-1215 One-oc- 
(dB) 


0.2 


MHz 


1.20:1 


tave 
band 
width 
1.6:1 


1.6:1 
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Highefficiencymultikilowat FM transmitterswith full solid state amplifiers are possible today. The power 
amplifier of these transmitters should be made by multiparalleling of a basic building block amplifier. 
This building block should have a high output power and a high gain, a good collector efficiency,broad 
band (88-108 MHz) frequency response and a simple, reproducible and reliable circuit design. This 
application note describes an FM building block amplifier that meets the requirements mentioned above 
and that can be successfully incorporated to a number of amplifier architectures. 


The amplifier has been developed with a pair of TP 9383 transistors in push-pull configuration. TP 9383 
is a double diffused silicon epitaxial transistor that makes use of gold metallization and diffused ballast 
resistors for long operationg life and ruggedness. Its basic specifications are : 


Vcc = 28 V ; 
i) = 75 % at 108 MHz and 150 W output power 


G 
= 9dB 
Po = 150 W 


DESIGN CONSIDERATIONS 


When designing an FM amplifier the total efficiency must be the first goal. 


Overall efficiency is the combination of good collect efficiency and high gain. To get a good collector 
efficiency the transistors must be operated in class C and the load impedance should match the transis 
tors output impedance at the operation power level. Class C amplifiers are non-linear units. The harmonic 
content of the output signal of this type of amplifiers can be very high and their power wasted with an 
important reduction in the efficiency. 
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This fact made advantageous the use of balanced amplifiers. In such circuit arrangement all the even 
harmonic are largely suppressed and the waste of power minimized. Push-pull amplifiers have also the 
additional advantages of connecting in series for RF operation the input and output impedance of the 
2 transistors. That makes considerably easier to match the input and output impedances of the tran 
sistor pair. However, as the impedance transformation is lower, the RF power losses are smaller and 
the gain and efficiency higher. 


Another important consideration in the design of an FM amplifier is the ruggedness of the amplifier. 
FM transmitters are often operated 24 hours per day and sometimes remotly controlled and in difficult 
access sites. The operating point of the transistors should be chosen in a conservative way and the 
heat properly evacuated. A thermo switch should be incorporated to the system. The amplifier must 
also be able to withstand output VSWR. Although all transmitters use to incorporate VSWR protection 
in their interlocky systems, the amplifier must be designed with the capability of supporting VSWR of 
3.1 as a minimum.This point can be very determinent when considering that on a high efficiency circuit 
the collector voltage swing can be close to 3 times the collector supply voltage. 


CIRCUIT DESCRIPTION 


Circuit schematic is given in the Figure 1. At the amplifier input there is a two section balun. The first 
section, L„ consists of a short lenght O 
X/20) of 50 CI coaxial semirigid cable. The outer conductor 
of the coaxial cable is grounded at the input side and floats at the output. 


The second section of the balun consists of two identical coaxial cables, L2 and L,, of the same length 
that L, but with 25 CI characteristic impedance. The ends of these two coaxials are interconnected in 
series at the input side (thus offering 50 CI impedance to L,) and in parallel at the output of the section. 


The combined balanced impedance will be therefore 12.5 CI at the output of the balun. The input impe 
dance of the transistor pair Q, and Q2 is transformed to 12.5 CI (2 * 6.25) with the LC network repre 
sented in the schematic. 


If this balun is well charged by 2 * 6.25 CI it is well capable of multioctave operation. However in this 
case the LC network that transform the impedances of the transistor pair has been optimized only bet 
ween 88 and 108 MHz. 


A similar balun circuit is used at the output of the amplifier. The main difference with the input balun 
is that the coaxial cables are also used in the collect biasing circuit. Care has been taken with the decou 
pling of the collect bias in order to avoid low frequency oscillations. The collect impedance is higher 
than the base impedance and therefore the LC output transforming network is very simple, only L8, L9 
and C7. 
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Rgure 1. FM Broadband Power Amplifier 
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COMPONENTS 
LIST 


C, 
= 120 + 80 pF Chip capacitor ATC 100 B 
C2 
= 220 pF Chip capacitor ATC 100 B 
Cj, C4, C„ C6 
= 470 pF Chip capacitor ATC 100 B 
C7 
= 100 pF Chip capacitor ATC 100 B 
C8 
= 27 pF Chip capacitor ATC 100 B 
C9, C10, C,„ Cl4 = 1 000 pF Disc capacitor 
C,2, C,5 
= 10 nF 
cu- Cl6,Cl8 
= 0,1 (xF 
C,7 
=1 000 uF/63 V Electrolytic 


L..L, 
Lie L-ii 
L,i 
Lu 


R„R2 


Q„Q2 


= 50 Q coaxial cable 0 3,2 mm (Teflon) L = 110 mm 
= 25 12 coaxial cable 0 3,2 mm (Teflon) L = 110 mm 
= Hair pin : copper foil 18" 3 mm 0,3 mm thickness 


= Line on substrate : 15 * 5 mm 


= Line on substrate : 10 * 5 mm 
= 25 CI coaxial cable 0 5 mm (Teflon) L = 110 mm 
= 50 SI coaxial cable 0 5 mm (Teflon) L = 110 mm 


= 15 turns 0 8 mm 1,4 mm wire 


= 22 C11/2 W 


= 47 12 2 W 


» TP 9383 


300 W 
PUSH-PULL FM TP 9383 


300 


200 


100 


I 
3SW 


.20V\ 
_ 


p. 


.10W 


= 
2 
1 
1 
1 
1 


100 


f, FREQUENCY (MHz) 


110 


Rgure 3. Output Power versus Input Power and Frequency 
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Rgure 2. Component Layout 
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Figure 4. Gain and Efficiency versus Frequency 
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1.2 V, 40-900 MHz BROADBAND AMPLIFIER 
WITH THE TP 3400 TRANSISTOR 


INTRODUCTION 


This application note describes a single stage broadband amplifier incorporating the TP 3400 transistor. 
The amplifier will deliver 1.2 Voutput signal from 40 to 900 MHz at an intermodulation level* of — 60 dB 
or less. The gain is 9.5 dB ± 0.5 dB. Although the amplifier has been designed for MATV use, its sim 
plicity and versatility makes it suitable for use in many other applications. The circuit construction is 
straight forward and only standard components have been used. 


TP 3400 


The TP 3400 is a NPN gold metallizedtransistor with a transition frequency of more than 3 GHz. The 
transistor is housed in a SOE 200 package. 
The gold metallization process used on the manufacture of this transistor is etchless, providing 
exact finger definition with submicron resolution and avoids the finger scalloping characteristic of all 
etching processes, which eliminates therefore current crowding where metal fingers are necked down. 
Moreover this gold process improves on all the benefits of gold over aluminium regarding electromi 
gration. 
The TP 3400 also incorporates diffused ballast resistors. High resistance ballast resistors are diffused 
directly into the silicon avoiding therefore all the reliability problem associated with conventional thin 
film, metal ballast resistors. In addition the P-N diode of the ballast resistor is diffused to avalanche at 
a lower voltage than the transistor, thus protecting effectively the transistor against VSWR or transient 
damage. A diagram illustrating the above mentioned technological characteristic is given in fig. 1. 


DIFFUSED BALLAST RESISTORS 
WITH ETCHLESS GOLD METALLIZATION 
VS. 
CONVENTIONAL THIN FILM BALLAST 
RESISTORS WITH ETCHED METALLIZATION 
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(*) Intermodulation measured with a test procedure in accordance with DIN 45004/B. 


Rgure 1. Types of Ballast Resistors 
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AMPLIFIER DESIGN 


a) 
Calculations 


The amplifier configuration chosen is given in figure 2. 
A combination of series and shunt feedback 
compensates the frequency gain slope of the transistor. Transmission line inductors are used on tha 
shunt feedback network. The resistor in series with the base will improve the input VSWR at the 
cost of some gain, but this gain decrease is partially compensated by the fact that less series feed 
back is necessary in this way. 
The calculation and optimization of the circuit was carried out with the aid of a computer using the 
COMPACT program. The program, the optimization data and the final expected results are given 
in table. 1. The expected gain is 9.5 dB plus/minus 0.5 dB, the amplifier is unconditionally stable over 
the required frequency range and input and output impedance matchings could be considered correct. 


b) Amplifier assembly 


Final amplifier is shown in fig. 3. The component values are given in table 2. The amplifier was built 
on standard Epoxy glass double clad printed circuit board and all the components are commonly 
used types. The resistors are carbon-composition type. Care was taken with all ground returns, made 
by wrapping copper foil between both planes. Plated trough holes may also be used. PC board and 
component layouts are given in figures 4 and 5 respectively. 


RESULTS 


Several TP 3400 transistors, covering all the accepted production spread, were used and no significant 
differences in the amplifier performance were recorded. 
Input and output matching are given in figures 6 and 7. Gain versus frequency is given in figure 8. It is 
similar to that calculated. 
Figure 9 shows its behabiour as an MATV amplifier, measured according to the DIN 45004B test pro 
cedure. The — 60 dB IMD level is attained at 1.2 volt, 75 output. 


INTERMODULATION MEASUREMENT ACCORDING DIN 45004/B 


riirn 


2Mhz 
2Mhz 
[_ 2Mhz 
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Table 1. Compact Program 


MET 
AA 
ZZ 
CAP 
AA 
PA 
— 2.078 
TRL 
BB 
SE 
65.00 
— 19.96 
1.000 
RES 
CC 
SE 
— 12.44 
TRL 
DD 
SE 
65.00 
— 18.35 
1.000 
^ 
CAP 
EE 
PA 
— 2.101 
TWO 
HH 
SI 
50.00 
CAS 
EE 
HH 
RES 'k 
PA 
— 6.759 
SER 
II 
CAP 
JJ 
PA 
— .8989 
SRL 
KK 
PA 
35.00 
1000. 
, 
CIRCUIT 
DEFINITION 
TRL 
LL 
SE 
65.00 
— 10.15 
1.000 
CAX 
JJ 
LL 
CAS 
EE 
JJ 
RES 
MM 
SE 
— 204.7 
TRL 
NN 
SE 
65.00 
— 7.229 
1.000 
CAS 
MM 
NN 
PAR 
EE 
MM 
TRL 
FF 
SE 
65.00 
— 14.60 
1.000 
J 
CAP 
GG 
PA 
— .9557 
CAX 
AA 
GG 
PRI 
AA 
SI 
50.00 
END 


100 
200 
300 
400 
500 
600 
700 
800 
900 
END 


.61 
226 
17.8 
126 
.0200 
35 
.53 
320 
.73 
203 
12.9 
103 
.0282 
33 
.32 
305 
.77 
192 
9.23 
93 
.0299 
33 
.27 
297 
.75 
185 
6.92 
84 
.0335 
33 
.27 
295 
.75. 179 
5.15 
79 
.0335 
38 
.27 
300 
.78 
174 
4.68 
72 
.0355 
42 
.24 
300 
.77 
167 
3.34 
61 
.0447 
44 
.27 
285 
.77 
163 
3.16 
56 
.0473 
44 
.24 
290 
END 


.5 
10 
10 
1 
10 
END 


FREQUENCY (MHz) 


POLAR S 
PARAMETERS 
FOR TWO 
HH 
(TP 3400) 


OPTIMIZATION 
DATA 


POLAR S-PARAMETERS 
IN 
50.0 OHM SYSTEM 


FREQ. 
S11 
S21 
S12 
S22 
S21 
K 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
dB 
FACT. 


100.00 
0.09 
— 132 
2.99 
157.1 
0.139 
—10.7 
0.16 
149 
9.52 
1.38 
200.00 
0.11 
— 140 
3.14 
135.2 
0.139 
—21.5 
0.16 
141 
9.94 
1.33 
300.00 
0.13 
— 152 
3.13 
113.4 
0.136 
—32.7 
0.11 
128 
9.91 
1.36 
400.00 
0.15 
— 166 
3.14 
89.7 
0.133 
—43.6 
0.03 
86 
9.94 
1.38 
500.00 
0.15 
166 
2.94 
64.2 
0.128 
—53.5 
0.07 
— 
52 
9.37 
1.49 
600.00 
0.15 
140 
3.15 
43.9 
0.126 
—63.6 
0.10 
— 
68 
9.96 
1.42 
700.00 
0.15 
99 
3.18 
20.0 
0.127 
—72.3 
0.16 
— 
99 
10.05 
1.37 
800.00 
0.20 
51 
2.95 
- 
6.8 
0.128 
—80.8 
0.25 
—120 
9.38 
1.34 
900.00 
0.26 
18 
3.06 
-29.3 
0.128 
—93.0 
0.25 
—125 
9.78 
1.22 
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IN 
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Cc 
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AA 
2.1 pf 


9.4 «S G s$ 10.1 dB 
INPUT VSWR ag 1.8 :1 
OUTPUT VSWR s$ 1.7:1 


Rgure 2. TP 3400 Amplifier 40-900 MHz 


Table 2. List of Components 


C, 
= capacitor ceramic 2.8 pF 632 RTC 
C2 
= capacitor chip 10 nF Eurofarad 
C3 
= capacitor chip 8.2 pF Vitramon 
C4 
= capacitor chip 2.2 pF Vitramon 
C5, C7 = capacitor chip 1 nF Eurofarad 
C6, C8 - capacitor chip 10 nF Eurofarad 
C9 
= capacitor chip 22 pF Vitramon 
C10 
= capacitor chip 10 nF Eurofarad 
C,, 
- capacitor electrolytic 25 MF 25 V 


L, 
= 8 turns 5/10 mm Cu ID 2.5 mm 
L2 
= printed 5 nH 
L3 
= printed stripline 75 ohms 11.5 mm 
L4 
= printed stripline 75 ohms 11 mm 
L, 
= printed stripline 75 ohms 25 mm 
F, 
= ferrite bead 1200082 TRW 


R, 
= resistor 12 ohms 1/4W carbon composition 
R2 
= resistor4.7 ohms 1/4W carbon composition 
R3,R4 = resistor 10 ohms 1/4 W carbon composition 
R5 
= resistor8.2 kohms1/4W carbon composition 
R6 
= resistor240 ohms1/4W carbon composition 
R7 
= resistor 12 ohms 1/2W carbon composition 


T 
= transistor TP 3400 


Board Material 


Epoxy glass (G 10) 1/16 inch E„ 
4.2 


Figure 3. Circuit Schematic 
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Rgure 4. PC Board Layout (Not to Scale) 
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Rgure 6. Sh versus Frequency 


MOTOROLA RF DEVICE DATA 


7-268 


1 
Inch 
i 
* 
' 
•> 
12 
3C m 


OUTPUT 


♦Vcc ( 20.5V) 


+++ 
FOIL WRAP OR PLATE AROUND PLANE 


Rgure 5. Component Layout 
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Rgure 7. S22 versus Frequency 
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Figure 8. Gain versus Frequency 
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Figure 9. IMD (Din 45004 B) versus Output Voltage 
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470-860 MHz 
BROADBAND AMPLIFIER 
5W 


5 W UHF TV TRANSPOSER AMPLIFIER 
WITH TWO TPV 593 TRANSISTORS 


INTRODUCTION 


This application note describes an ultralinear broadband (470-860 MHz) amplifier, developed for TV 
transposer applications. The amplifier incorporates two TPV 593 transistors. 


Each transistor is used to build a separate broadband amplifier. The two identical amplifiers are later 
combined with 3 dB hybrids. 


The TPV 593 transistor has been developed for TVclass A application. It incorporates gold metallization 
and diffused ballast resistors for ruggedness and linearity. Its DC current consumption is very low and 
makes it a good candidate for solar cell powered systems. Its basic specifications are : 


Vcc = 25 V 
lc = 450 mA 


G 
= 9 dB at 860 MHz 


IMD = — 60 dB at 860 MHz and 2 W output 


The S parameters of the TPV 593 are given in the table below. 


POLAR S-PARAMETERS 
IN 
50.0 OHM 
SYSTEM 


FREQ. 
S11 
S21 
S12 
S22 
S21 
K 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
(MAGN 
ANGL) 
dB 
FACT- 


470.00 
0.93 
170 
650.00 
0.93 
165 
860.00 
0.92 
162 


1.50 
63.0 
1.06 
50.0 
0.79 
38.0 


0.040 
50.0 
0.050 
54.0 
0.056 
54.0 


0.55 
—166 
0.60 
—169 
0.65 
—169 
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1.01 
0.51 
1.04 
-2.00 
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POLAR COORDINATES OF SIMULTANEOUS CONJUGATE MATCH 


F 
MHz 


470.0 
650.0 
860.0 


SOURCE REFL. COEFF. 
MAGN. 
ANGLE 


0.99 
—173 
0.97 
—168 
0.95 
—165 


LOAD REFL COEFF. 
MAGN. 
ANGLE 


0.91 
124 
0.83 
134 
0.79 
146 


Gmax 
dB 


15.23 
12.01 
9.16 


DESIGN CONSIDERATIONS 


Two identical single transistor class Aamplifiers will becombined with 3 dB couplers. First the design 
of a single amplifier will be considered. 


From theanalysis ofthevariation oftheTPV 593 S21 parameter with thefrequency it may beseen that 
there is a difference of 5.52 dB between 470 and 860 MHz. Ifa flat gain is required this gain slope has 
to be compensated. The compensation can be implemented in two ways : 


a) By placing a selective attenuator at theinput ofthe transistor amplifier, with aninsertion loss minimum at 
860 MHz and which increasesto 5.52 dB at 470 MHz. The insertion loss increase should compensatethe 
transistor gain slope. 


b) By selective mismatch attheinput ofthe transistor. The input circuit will provide impedance matching at860 
MHz, inordertogetagain asclose aspossibletotheGA max. Frequency dependent mismatch will compensate 
thegain slope. At 470 MHz a VSWR as high as 11:1 will benecessary. It has been proved that impedance 
mismatch at the base terminal of a transistorpower amplifier does not modify the linearity behavior of the 
device. 
As it wasdecided to combine twoamplifiers with 3 dB couplers themethod b) wasselected. 50 ohms 
3 dB hybrid couplers when used with two identical loads provide a good VSWR at the common termi 
nal even ifthe loads differfrom50 ohms. The reflected energy isdissipated as the 50 ohms load connec 
ted to the fourth terminal of the coupler.The couplerbehavesas a selectiveattenuator. Figure 1 shows 
theamplifier arrangement. The useofa 3 dB coupler to split theinput signal makes almost compulsory 
the use of the same type of circuit at the output. 


SAGE 
WIRELINE 
3dB Hybrid 


I=70 mm 


Rgure 1. Block Diagram of Amplifier 


I I 
C3—•OUT 


50fl 


The amplifier must be as linear as possible over the complete UHF band. A transistor power amplifier 
usually requires impedance matching at the collector side for optimum intermodulation. Therefore the 
output circuitry has been designed for impedance matching all over the bands IV and V. 
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COMPONENTS PART LIST 


= 65 line 11 % g at 860 MHz 
= 50 line 1.5 % g at 860 MHz 
= 50 line 17 % g at 860 MHz 
= 7 turns ID 2 mm - Closely Wound - wire 5 mm 


Lg 
=10 mm : 5 mm wire 1 mm 


C,-Cs = Variable Airtronic AT 7275, .8-4.5 pF 
C, 
= 6.8 pF ATC 100A 
C3-C4 o 10pFATC 100A 
C„-C7 = 1 nF + 10 nF + V + 10 pF 


Board Material: 1/16" Teflon Fiberglass 


CIRCUIT DESCRIPTION 


The circuitof a simple amplifier is given in 
Figure 2. 
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Rgure 2. Circuit Schematic 
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Rgure 3. Class A Bias Circuit 


-HH 
• VBE 
27fl 


Theinputcircuit consistofathreesectionlowpass 
type matching network. To minimize power losses 
all the impedance transformations are made at a 
low Q level.Variable capacitor Ci is adjusted for 
optimum VSWR at 860MHz. The tuning is straight 
forward and only a small retouch is necessary 
after the collector tuning. 


The very constant S22 of the TPV 593 transistor 
makes extremely simple to match the collector to 
a 50 ohms load. Ls tunes the output capacitance 
ofthe device and isdetermined forgood matching 
at the low end of the band. Only one low pass 
section is necessary. Capacitor C5, variable, 
allows a good shaping of the output VSWR. Col 
lector tuning should be done after tuning the 
input. 


The bias control circuitry is classical and is given 
in Figure 3. 
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CONSTRUCTIONAL DETAILS 


The printed circuit board lay-out ofthe complete amplifier isgiven in Figure 4. Considerate attention should be 
paid tothe ground returns. Plated through holes have been used toensure low emitter inductance. Wrapped 
foils ensure proper grounding of parallel capacitors and connectors. 
The couplers have been made with parallel wire cable. 
This solution is as inexpensive as a straight forward. 
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Rgure 5. Gain and Return Loss versus Frequency 
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Rgure 4. Printed Circuit Board Layout 
Rgure 6. Intermodulation Distortion versus Frequency 
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Rgure 7. Output Power versus Input Power 
Rgure 8. Vision to Sound Cross Modulation 
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CONCLUSION 


A high performance amplifier has been described as an example of the possibilities offered to the desi 
gner by the TPV 593. In particular the amplifier combines excellent frequency response and linearity 
with high efficient use of the DC power. This circuit may be of interest for output stages of low power 
TV transposers or drivers of higher power units. 
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NOTE: A% of sound carrier (-7 dB) when vision carrier is switch ON/OFF 
MEASUREMENTS 


The measurements results have been summarized in Table 2. 
Figure 5 showsthe frequency responseofthe amplifier as well as the inputand outputmatch.Figure 6 displays 
the linearity (IMD test; -8, -16, -7 dB) of the amplifier. Statictransfercurvesare givenin the Figures7 and 8 
that show also the vision to sound cross modulation of the amplifier. 


Table 2 
TYPICAL RESULTS 


BANDWIDTH 
470 - 860 MHz 
• IMD : SOUND 
- 
REF. 
— 
7 
dB 


GAIN 
8.7 dB min. 
VISION 
= 
REF. 
— 
8 dB 


IMO' at 
- 
4 
W 
- 
58 
dB 
SIDEBAND 
» 
REF. 
- 
16 dB 
— 
S 
W 
— 
56 dB 


INPUT RETURN LOSS 
- 
16 dB 


OUTPUT RETURN 
LOSS 
- 
17 dB 


BIAS CONDITIONS 
VCE 
- 
25 
V 
; 
lt- = 2 
« 450 mA 
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INTRODUCTION 


Current and power ratings of semiconductors are inse 
parably linked to their thermal environment. Except for 
lead-mounted parts used at low currents, a heat exchan 
ger is required to prevent the junction temperature from 
exceeding its rated limit, thereby running the risk of a 
high failure rate. Furthermore, the semiconductor indus 
try's field history indicated that the failure rate of most 
silicon semiconductors decreases approximately by one- 
half for a decrease in junction temperature from 160°Cto 
135°C.W Guidelines for designers of military power sup 
plies impose a 110°C limit upon junction temperature.!2' 
Proper mounting minimizes the temperature gradient 
between the semiconductor case and the heat exchanger. 
Most early life field failures of power semiconductors 
can be traced to faulty mounting procedures. With metal 
packaged devices, faulty mounting generally causes 
unnecessarily high junction temperature, resulting in 
reduced component lifetime, although mechanical dam 
age has occurred on occasion from improperly mounting 
to a warped surface. With the widespread use of various 
plastic-packaged semiconductors, the prospect of 
mechanical damage is very significant. Mechanical dam 
age can impair the case moisture resistance or crack the 
semiconductor die. 


(U MIL-HANDBOOK — 2178, SECTION 2.2. 
(21 "Navy Power Supply Reliability — Design and Manufacturing 
Guidelines" NAVMAT P4855-1. Dec. 1982 NAVPUBFORCEN, 5801 
Tabor Ave., Philadelphia. PA 19120. 


Cho-Therm is a registered trademark of Chromcrics. Inc. 
Grafdil is a registered trademark of Union Carbide 
Kapton is a registered trademark of E.I. Dupont 
Rubber-Due is a trademark of AAVID Engineering 
Sii Pad is a trademark of Borquist 
Sync-Nut is a trademark of ITW Shakeproof 
Thermasil is a registered trademark and Thermafilm is a trademark of Thormalloy. Inc, 
ICePAK, Full Pak, POWERTAP and Thermopad are trademarks of Motorola. Inc. 


Connecting and Handling Terminals 
14 
Cleaning Circuit Boards 
. . . . 
16 
Thermal System Evaluation 
16 
Appendix A Thermal Resistance Concepts 
17 
Appendix B Measurement of Interface 
18 
AppendixC Sources of Accessories. 
19 
Package Index 
20 


Figure1 shows an example of doing nearly everything 
wrong. Atab mount TO-220 package isshown being used 
as a replacement for a TO-213AA (TO-66) part which was 
socket mounted. To use the socket, the leads are bent — 
an operation which, if not properly done, can crack the 
package, break the internal bonding wires, or crack the 
die. The package is fastened with a sheet-metal screw 
through a 1/4"hole containing a fiber-insulating sleeve. 
The force used to tighten the screw tends to pull the 
package intothe hole, possibly causing enough distortion 
to crack the die. In addition the contact area is small 
because of the area consumed by the large hole and the 
bowing of the package; the result is a much higher junc 
tion temperature than expected. Ifa rough heatsink sur 
face and/or burrs around the hole were displayed in the 
illustration, most but not all poor mounting practices 
would be covered. 


SOCKETFOR 
TO-213AAPACKAGE 


PACKAGEHEATSINK 


MICAWASHER 


SPEEDNUT 
^L 
IPART OF SOCKET) 


SHEETMETALSCREW 


Figure 1. Extreme Case of Improperly Mounting 
A Semiconductor (Distortion Exaggerated) 
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In many situations the case of the semiconductor must 
be electrically isolated from its mounting surface. The 
isolation material is, to some extent, a thermal isolator 
as well, which raises junction operating temperatures. In 
addition, the possibility of arc-over problems is intro 
duced if high voltages are present. Various regulating 
agencies also impose creepage distance specifications 
which further complicates design. Electrical isolation 
thus places additional demands upon the mounting 
procedure. 
Proper mounting procedures usually necessitate 
orderly attention to the following: 
1. Preparing the mounting surface 
2. Applying a thermal grease (if required) 
3. Installing the insulator (if electrical isolation is 
desired) 
4. Fastening the assembly 
5. Connecting the terminals to the circuit 


Inthis note,mountingproceduresare discussedingen 
eral terms for several generic classes of packages. As 
newer packages are developed, it is probable that they 
will fit into the generic classes discussed in this note. 
Uniquerequirements are given on data sheets pertaining 
to the particular package. The following classes are 
defined: 
Stud Mount 
Flange Mount 
Pressfit 
Plastic Body Mount 
Tab Mount 
Surface Mount 
Appendix A contains a brief review of thermal resis 
tance concepts. Appendix B discusses measurement dif 
ficultieswith interface thermal resistance tests. Appendix 
C indicates the type of accessories supplied by a number 
of manufacturers. 


MOUNTING SURFACE PREPARATION 


In general, the heatsink mounting surface should have 
a flatness and finish comparable to that of the semicon 
ductor package. In lower power applications, the heatsink 
surface is satisfactory if it appears flat against a straight 
edge and is free from deep scratches. In high-power 
applications, a more detailed examination of the surface 
is required. Mounting holes and surface treatment must 
also be considered. 


Surface Flatness 
Surface flatness is determined by comparing the var 
iance in height (Ah) of the test specimen to that of a 
reference standard as indicated in Figure 2. Flatness is 
normally specified as a fraction of the Total Indicator 
Reading (TIR). The mounting surface flatness, i.e. Ah/TIR, 
if less than 4 mils per inch, normal for extruded alumi 
num, is satisfactory in most cases. 


Surface Finish 
Surface finish is the average of the deviations both 
above and below the mean value of surface height. For 
minimum interface resistance, a finish in the range of 50 
to 60 microinches is satisfactory; a finer finish is costly 
to achieve and does not significantly lower contact resis- 


TIR = TOTAL INDICATOR READING 


REFERENCE PIECE 
DEVICE MOUNTING AREA 


Rgure 2. Surface Flatness Measurement 


tance. Tests conducted by Thermalloy using a copper 
TO-204 (TO-3)package with a typical 32-microinch finish, 
showed that heatsink finishes between 16 and 64 ji-in 
caused less than ±2.5% difference in interface thermal 
resistance when the voids and scratches were filled with 
a thermal jointcompound.^' Most commercially avail 
able cast or extruded heatsinks will require spotfacing 
when used in high-power applications. In general, milled 
or machined surfaces are satisfactory if prepared with 
tools in good working condition. 


Mounting Holes 
Mounting holes generally should only be large enough 
to allow clearance of the fastener. The larger thick flange 
type packages having mounting holes removed from the 
semiconductor die location, such as the TO-3, may suc 
cessfully be used with larger holes to accommodate an 
insulating bushing, but many plastic encapsulated pack 
ages are intolerant of this condition. For these packages, 
a smaller screw size must be used such that the hole for 
the bushing does not exceed the hole in the package. 
Punched mounting holes have been a source of trouble 
because if not properly done, the area around a punched 
hole is depressed in the process. This "crater" in the 
heatsink around the mounting hole can cause two prob 
lems. The device can be damaged by distortion of the 
package as the mounting pressure attempts to conform 
it to the shape of the heatsink indentation, or the device 
may only bridge the crater and leave a significant per 
centage of its heat-dissipating surface out of contact with 
the heatsink. The first effect may often be detected imme 
diately by visual cracks in the package (if plastic), but 
usually an unnatural stress is imposed, which results in 
an early-life failure. The second effect results in hotter 
operation and is not manifested until much later. 
Although punched holes are seldom acceptable in the 
relatively thick material used for extruded aluminum 
heatsinks, several manufacturers are capable of properly 
utilizing the capabilities inherent in both fine-edge blank 
ing or sheared-through holes when applied to sheet 
metal as commonly used for stamped heatsinks. The 
holes are pierced using Class A progressive dies mounted 
on four-post die sets equipped with proper pressure pads 
and holding fixtures. 


(3) Catalog #87HS-9 11987), page B, Thermalloy, Inc.. P.O. Box 810839, 
Dallas. Texas 75381-0839. 
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When mounting holes are drilled, a general practice 
with extruded aluminum, surface cleanup is important. 
Chamfers must be avoided because they reduce heat 
transfer surface and increase mounting stress. However, 
the edges must be broken to remove burrs which cause 
poor contact between device and heatsink and may punc 
ture isolation material. 


Surface Treatment 
Many aluminum heatsinks are black-anodized to 
improve radiation ability and prevent corrosion. Anod 
izing results in significant electrical but negligible thermal 
insulation. It need only be removed from the mounting 
area when electrical contact is required. Heatsinks are 
also available which have a nickel plated copper insert 
under the semiconductor mounting area. No treatment 
of this surface is necessary. 
Another treated aluminum finish is iridite, orchromate- 
acid dip, which offers low resistance because of its thin 
surface, yet has good electrical properties because it 
resists oxidation. It need only be cleaned of the oils and 
films that collect in the manufacture and storage of the 
sinks, a practice which should be applied to all heatsinks. 
For economy, paint is sometimes used for sinks; 
removal of the paint where the semiconductor is attached 
is usually required because of paint's high thermal resis 
tance. However, when it is necessary to insulate the semi' 
conductor package from the heatsink, hard anodized or 
painted surfaces allow an easy installation for lowvoltage 
applications. Some manufacturers will provide anodized 
or painted surfaces meeting specific insulation voltage 
requirements, usually up to 400 volts. 
It is also necessary that the surface be free from all 
foreign material, film, and oxide (freshly bared aluminum 
forms an oxide layer in a few seconds). Immediately prior 
to assembly, it is a good practice to polish the mounting 
area with No. 000 steel wool, followed by an acetone or 
alcohol rinse. 


INTERFACE DECISIONS 


When any significant amount of power is being dissi 
pated, something must be done to fill the air voids 
between mating surfaces in the thermal path. Otherwise 
the interface therrhal resistance will be unnecessarily 
high and quite dependent upon the surface finishes. 
For several years, thermal joint compounds, often 
called grease, have been used in the interface. They have 
a resistivity of approximately 60°C/W/in whereas air has 
1200°C/W/in. Since surfaces are highly pock-marked with 
minute voids, use of a compound makes a significant 
reduction in the interface thermal resistance of the joint. 
However, the grease causes a number of problems, as 
discussed in the following section. 
To avoid using grease, manufacturers have developed 
dry conductive and insulating pads to replace the more 
traditional materials. These pads are conformal and 
therefore partially fill voids when under pressure. 


Thermal Compounds (Grease) 
Joint compounds are a formulation of fine zinc or other 
conductive particles in a silicone oil or other synthetic 
base fluid which maintains a grease-like consistency with 
time and temperature. Since some of these compounds 
do not spread well, they should be evenly applied in a 


very thin layer using a spatula or lintless brush, and 
wiped lightly to remove excess material. Some cyclic 
rotation of the package will help the compound spread 
evenly over the entire contact area. Some experimenta 
tion is necessary to determine the correct quantity; too 
little will not fill all the voids, while too much may permit 
some compound to remain between well mated metal 
surfaces where it will substantially increase the thermal 
resistance of the joint. 
To determine the correct amount, several semicon 
ductor samples and heatsinks should be assembled with 
different amounts of grease applied evenly to one side 
of each mating surface. When the amount is correct a 
very small amount of grease should appear around the 
perimeter of each mating surface as the assembly is 
slowly torqued to the recommended value. Examination 
of a dismantled assembly should reveal even wetting 
across each mating surface. In production, assemblers 
should be trained to slowly apply the specified torque 
even though an excessive amount of grease appears at 
the edges of mating surfaces. Insufficient torque causes 
a significant increase in the thermal resistance of the 
interface. 
To prevent accumulation of airborne particulate matter, 
excess compound should be wiped away using a cloth 
moistened with acetone or alcohol. These solvents 
should not contact plastic-encapsulated devices, as they 
may enter the package and cause a leakage path or carry 
in substances which might attack the semiconductor 
chip. 
The silicone oil used in most greases has been found 
to evaporate from hot surfaces with time and become 
deposited on other cooler surfaces. Consequently, man 
ufacturers must determine whether a microscopically 
thin coating of silicone oil on the entire assembly will 
pose any problems. It may be necessary to enclose com 
ponents using grease. The newer synthetic base greases 
show far less tendency to migrate or creep than those 
made with a silicone oil base. However, their currently 
observed working temperature range are less, they are 
slightly poorer on thermal conductivity and dielectric 
strength and their cost is higher. 
Data showing the effect of compounds on several pack 
age types under different mounting conditions is shown 
in Table 1. The rougher the surface, the more valuable 
the grease becomes in lowering contact resistance; 
therefore, when mica insulating washers are used, use 
of grease is generally mandatory. The joint compound 
also improves the breakdown rating of the insulator. 


Conductive Pads . 
Because of the difficulty of assembly using grease and 
the evaporation problem, some equipment manufactur 
ers will not, or cannot, use grease. To minimize the need 
for grease, several vendors offer dry conductive pads 
which approximate performance obtained with grease. 
Data for a greased bare joint and a joint using Grafoil, a 
dry graphite compound, is shown in the data of Figure 
3. Grafoil is claimed to be a replacement for grease when 
no electrical isolation is required; the data indicates it 
does indeed perform as well as grease. Another conduc 
tive pad available from Aavid is called KON-DUX. It is 
made with a unique, grain oriented, flake-like structure 
(patent pending). Highly compressible, it becomes 
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Table 1 
Approximate Values for Interface Thermal Resistance Data from Measurements Performed 
in Motorola Applications Engineering Laboratory 
Dry interface values are subject to wide variation because of extreme dependence upon surface conditions. Unless 
otherwise noted the case temperature is monitored by a thermocouple located directly under the die reached through 
a hole in the heatsink. (See Appendix B for a discussion of Interface Thermal Resistance Measurements.) 


Package Typo and Data 
Interface Thermal Resistance (°C/W) 


JEDEC 
Outlines 
Description 


Test 
Torque 
In-Lb 


Metal-to-Metal 
With Insulator 
See 
Note 
Dry 
Lubed 
Dry 
Lubed 
Type 


DO-203AA, TO-210AA 
TO-208AB 
10-32 Stud 
7/16" Hex 
15 
0.3 
0.2 
1.6 
0.8 
3 mil 
Mica 


DO-203AB, TO-210AC 
TO-208 
1/4-28 Stud 
11/16" Hex 
25 
0.2 
0.1 
0.8 
0.6 
5 mil 
Mica 


DO-2C8AA 
Pressfit, 1/2" 
— 
0.15 
0.1 
— 
— 
— 


TO-204AA 
rro-3) 
Diamond Flange 
6 
0.5 
0.1 
1.3 
0.36 
3 mil 
Mica 


1 


TO-213AA 
(TO-66) 
Diamond Flange 
6 
1.5 
0.5 
2.3 
0.9 
2 mil 
Mica 


TO-126 
Thermopad 
1/4" x 3/8" 
6 
2.0 
1.3 
4.3 
3.3 
2 mil 
Mica 


TO-220AB 
Thermowatt 
8 
1.2 
1.0 
3.4 
1.6 
2 mil 
Mica 
1,2 


NOTES: 1. See Figures 3 and 4 for additional data on TO-3 and TO-220 packages. 
2. Screw not insulated. See Rgure 12. 


formed to the surface roughness of both the heatsink and 
semiconductor. Manufacturer's data shows it to provide 
an interface thermal resistance better than a metal inter 
face with filled silicone grease. Similar dry conductive 
pads are available from other manufacturers. They are a 
fairly recent development; long term problems, if they 
exist, have not yet become evident. 


INSULATION CONSIDERATIONS 


Since most power semiconductors use are vertical 
device construction it is common to manufacture power 
semiconductors with the output electrode (anode, col 
lector or drain) electrically common to the case; the prob 
lem of isolating this terminal from ground is a common 
one. For lowest overall thermal resistance, which is quite 
important when high power must be dissipated, it is best 
to isolate the entire heatsink/semiconductor structure 
from ground, rather than to use an insulator between the 
semiconductor and the heatsink. Heatsink isolation is not 
always possible, however, because of EMI requirements, 
safety reasons, instances where a chassis serves as a 
heatsink or where a heatsink is common to several non 
isolated packages. In these situations insulators are used 
to isolate the individual components from the heatsink. 
Newer packages, such as the Motorola Full Pak and EMS 
modules, contain the electrical isolation material within, 
thereby saving the equipment manufacturer the burden 
of addressing the isolation problem. 


Insulator Thermal Resistance 
When an insulator is used, thermal grease is of greater 
importance than with a metal-to-metal contact, because 
two interfaces exist instead of one and some materials. 


such as mica, have a hard, markedly uneven surface. With 
many isolation materials reduction of interface thermal 
resistance of between 2 to 1 and 3 to 1 are typical when 
grease is used. 
Data obtained by Thermalloy, showing interface resis 
tance for different insulators and torques applied to 
TO-204(TO-3)and TO-220 packages, are shown in Figure 
3, for bare and greased surfaces. Similar materials to 
those shown are available from several manufacturers. 
It is obvious that with some arrangements, the interface 
thermal resistance exceeds that of the semiconductor 
(junction to case). 
Referring to Figure 3, one may conclude that when high 
power is handled, beryllium oxide is unquestionably the 
best. However, it is an expensive choice. (It should not 
be cut or abraided, as the dust is highly toxic.) Thermafilm 
is a filled polyimide material which is used for isolation 
(variation of Kapton). It is a popular material for low 
power applications because of its low cost ability to with 
stand high temperatures, and ease of handling in contrast 
to mica which chips and flakes easily. 
A number of other insulating materials are also shown. 
They cover a wide range of insulation resistance, thermal 
resistance and ease of handling. Mica has been widely 
used in the past because it offers high breakdown voltage 
and fairly low thermal resistance at a low cost but it cer 
tainly should be used with grease. 
Silicone rubber insulators have gained favor because 
they are somewhat conformal under pressure. Their abil 
ity to fill in most ofthe metal voids at the interface reduces 
the need for thermal grease. When first introduced, they 
suffered from cut-through after a few years in service. 
The ones presently available have solved this problem 
by having imbedded pads of Kapton or fiberglass. By 
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"• (1) Thermaffilm, .002(.05) thick. 
,2, (2) Mica, .003(.081 thick. 


131 
(3) Mica, .002 (.051thick. 
141 
(4) Hard anodiied. .0201.51) thick. 
15) 
(5) Aluminum oxkto. .062 (1.57) thick. 
(6)'Beryllium oxldo..062(1.57) thick. 
(7) Bare |otnt — no finish. 
|S| (81 Grafoil. .005 (.13) thick.' 
(7) 
'Grafoil is not an insulating material. 
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(II Thermalfilm, .022 (.05) thick. 
(2) 
Mica. .003 (.08) thick. 
(3) 
Mica. .002 (.051 thick. 
(4) Hard anodized, .0201.51) thick. 
(5) Thermalsil II, .009 (.23) thick. 
16) Thermalsil III. .006 (.15) thick. 
|7) Bare ioint — no finish. 
(8) Grafoil. .005 (.13) thick* 
'Grafoil is not an insulating material. 
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Figure 3. Interface Thermal Resistance forTO-204, TO-3 andTO-220 Packages usingDifferent Insulating Materials 
as a Function of Mounting Screw Torque (DataCourtesy Thermalloy) 


comparing Figures 3c and 3d, it can be noted that Ther 
masil, a filled silicone rubber, without grease, has about 
the same interface thermal resistance as greased mica 
for the TO-220 package. 
A number of manufacturers offer silicone rubber insu 
lators. Table 2 shows measured performance of a number 
of these insulators under carefully controlled, nearly 
identical conditions. The interface thermal resistance 
extremes are over 2:1 for the various materials. It is also 
clear that some of the insulators are much more tolerant 
than others of out-of-flat surfaces. Since the tests were 
performed, newer products have been introduced. The 
Bergquist K-10 pad, for example, is described as having 
about 2/3 the interface resistance of the Sii Pad 1000 
which would place its performance close to the Chom- 
erics 1671 pad. AAVID also offers an isolated pad called 


Table 2. Thermal Resistance of Silicone Rubber Pads 


RflCS@ 
RflCS® 
Manufacturer 
Product 
3 Mils* 
7.5 Mils* 


Wakefield 
Delta Pad 173-7 
.790 
1.175 
Bergquist 
Sii Pad K-4 
.762 
1.470 
Stockwell Rubber 
1867 
.742 
1.015 
Bergquist 
Sii Pad 400-9 
.735 
1.205 
Thermalloy 
Thermalsil II 
.680 
1.045 
Shin-Etsu 
TC-30AG 
.664 
1.260 
Bergquist 
Sii Pad 400-7 
.633 
1.060 
Chomerics 
1674 
.592 
1.190 
Wakefield 
Delta Pad 174-9 
.574 
.755 
Bergquist 
Sii Pad 1000 
.529 
.935 
Ablestik 
Thermal Wafers 
.500 
.990 
Thermalloy 
Thermalsil Ml 
.440 
1.035 
Chomerics 
1671 
.367 
.655 


•Test Fixture Deviation from flat from Thermalloy EIR86-1010. 
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Rubber-Due, however it is only available vulcanized to a 
heatsink and therefore was not included in the compar 
ison. Published data from AAVID shows R#cs below 
0.3°C/W for pressures above 500 psi. However, surface 
flatness and other details are not specified so a compar 
ison cannot be made with other data in this note. 
The thermal resistance of some silicone rubber insu 
lators is sensitive to surface flatness when used under a 
fairly rigid base package. Data for a TO-204AA (TO-3) 
package insulated with Thermasil is shown on Figure 4. 
Observe that the "worst case" encountered (7.5 mils) 
yields results having about twice the thermal resistance 
of the "typical case" (3 mils), for the more conductive 
insulator. In order for Thermasil III to exceed the perfor 
mance of greased mica, total surface flatness must be 
under 2 mils, a situation that requires spot finishing. 


\\y fa 1 
/ 


J 


r 


/ 


, /' 
,• A 


111 
121 
Thtr 
Ther 


TMlttl 


na!t.l 


II. 
00" 
III. 00 
S'nch 


6 mc 
nil 
est 


3 mm 
Smn 
llh.c 
llh.c k. — 


0 
0.002 
0.004 
0.006 
0.008 
0.01 


TOTALJOINT DEVIATION FROMFLATOVER 
TO-3HEADER SURFACE AREA(INCHES) 


Data courtesy of Thermalloy 


Figure 4. Effect of Total Surface Flatness on Interface 
Resistance Using Silicon Rubber Insulators 


Silicon rubber insulators have a number of unusual 
characteristics. Besides being affected by surface flatness 
and initial contact pressure, time is a factor. For example, 
in a study of the Cho-Therm 1688 pad thermal interface 
impedance dropped from 0.90°C/W to 0.70°C/W at the end 
of 1000 hours. Most of the change occurred during the 
first 200 hours where RflCS measured 0.74°C/W. The 
torque on the conventional mounting hardware had 
decreased to 3 in-lb from an initial 6 in-lb. With non- 
conformal materials, a reduction in torque would have 
increased the interface thermal resistance. 
Because of the difficulties in controlling all variables 
affecting tests of interface thermal resistance, data from 
different manufacturers is not in good agreement. Table 
3 shows data obtained from two sources. The relative 
performance is the same, except for mica which varies 
widely in thickness. Appendix B discusses the variables 
which need to be controlled. At the time of this writing 
ASTM Committee D9 is developing a standard for inter 
face measurements. 


The conclusions to be drawn from all this data is that 
some types of silicon rubber pads, mounted dry, will out 
perform the commonly used mica with grease. Cost may 
be a determining factor in making a selection. 


Insulation Resistance 
When using insulators, care must be taken to keep the 
mating surfaces clean. Small particles of foreign matter 
can puncture the insulation, rendering it useless or seri 
ously lowering its dielectric strength. In addition, partic 
ularly when voltages higher than 300 V are encountered, 
problems with creepage may occur. Dust and other for 
eign material can shorten creepage distances signifi 
cantly; so having a clean assembly area is important. 
Surface roughness and humidity also lower insulation 
resistance. Use of thermal grease usually raises the with 
stand voltage of the insulation system but excess must 
be removed to avoid collecting dust. Because of these 
factors, which are not amenable to analysis, hi-pot testing 
should be done on prototypes and a large margin of 
safety employed. 


Insulated Electrode Packages 
Because of the nuisance of handling and installing the 
accessories needed for an insulated semiconductor 
mounting, equipment manufacturers have longed for 
cost-effective insulated packages since the 1950's. The 
first to appear were stud mount types which usually have 
a layer of beryllium oxide between the stud hex and the 
can. Although effective, the assembly is costly and 
requires manual mounting and lead wire soldering to 
terminals on top of the case. In the late eighties, a number 
of electrically isolated parts became available from var 
ious semiconductor manufacturers. These offerings pres 
ently consist of multiple chips and integrated circuits as 
well as the more conventional single chip devices. 
The newer insulated packages can be grouped into two 
categories. The first has insulation between the semi 
conductor chips and the mounting base; an exposed area 
of the mounting base is used to secure the part. The EMS 
(Energy Management Series) Modules, shown on Figure 
8, Case 806 (ICePAK) and Case 388A (TO-258AA) (see 
Figure 11) are examples of parts in this category. The 
second category contains parts which have a plastic over- 
mold covering the metal mounting base. The Full Pak, 


Table 3. Performance of Silicon Rubber Insulators 
Tested per MIL-l-49456 


Material 


Measured Thermal Resistance (°C/W) 


Thermalloy Data(1) Berquist Data(2) 


Bare Joint, greased 
0.033 
0.008 
BeO, greased 
0.082 
— 
Cho-Therm, 1617 
0.233 
— 
Q Pad (non-insulated) 
— 
0.009 
Sil-Pad, K-10 
0.263 
0.200 
Thermasil III 
0.267 
— 
Mica, greased 
0.329 
0.400 
Sil-Pad 1000 
0.400 
0.300 
Cho-therm 1674 
0.433 
— 
Thermasil II 
0.500 
— 
Sil-Pad 400 
0.533 
0.440 
Sil-Pad K-4 
0.583 
0.440 


(1) From Thermalloy EIR 87-1030 
12) From Berquist Data Sheet 
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Case 221C, illustrated in Figure 13, is an example of parts 
in the second category. 
Parts in the first category — those with an exposed 
metal flange or tab — are mounted the same as their 
non-insulated counterparts. However, as with any mount 
ing system where pressure is bearing on plastic, the over- 
molded type should be used with a conical compression 
washer, described later in this note. 


FASTENER AND HARDWARE CHARACTERISTICS 


Characteristics of fasteners, associated hardware, and 
the tools to secure them determine their suitability for 
use in mounting the various packages. Since many prob 
lems have arisen because of improper choices, the basic 
characteristics of several types of hardware are discussed 
next. 


Compression Hardware 
Normal split ring lock washers are not the best choice 
for mounting power semiconductors. A typical #6 
washer flattens at about 50 pounds, whereas 150 to 300 
pounds is needed for good neat transfer at the interface. 
Avery useful piece of hardware is the conical, sometimes 
called a Belleville washer, compression washer. As 
shown in Figure 5, it has the ability to maintain a fairly 
constant pressure over a wide range of its physical deflec 
tion — generally 20% to 80%.When installing, the assem 
bler applies torque until the washer depresses to half its 
original height. (Tests should be run prior to setting up 
the assembly line to determine the proper torque for the 
fastener used to achieve 50% deflection.) The washer will 
absorb any cyclic expansion of the package, insulating 
washer or other materials caused by temperature 
changes. Conical washers are the key to successful 
mounting of devices requiring strict control of the mount 
ing force or when plastic hardware is used in the mount 
ing scheme. They are used with the large face contacting 
the packages. A new variation of the conical washer 
includes it as part of a nut assembly. Called a Sync Nut, 
the patented device can be soldered to a PC board and 
the semiconductor mounted with a 6-32 machine 
screw.W) 
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Figure 5. Characteristics of the Conical Compression 
Washers Designed for Use with Plastic Body Mounted 
Semiconductors 


(4) ITW Shakeproof. St. Charles Road. Elgin, IL 60120. 


Clips 
Fast assembly is accomplished with clips. When only 
a few watts are being dissipated, the small board- 
mounted or free-standing heat dissipators with an inte 
gralclip,offered byseveral manufacturers, result in a low 
cost assembly. When higher power is being handled, a 
separate clip may be used with larger heatsinks. Inorder 
to provide proper pressure, the clip must be specially 
designed for a particular heatsink thickness and semi 
conductor package. 
Clipsare especially popular with plastic packages such 
as the TO-220 and TO-126. In addition to fast assembly, 
the clip provides lower interface thermal resistance than 
other assembly methods when it is designed for proper 
pressure to bear on the top of the plastic over the die. 
The TO-220 package usually is lifted up under the die 
location when mounted with a single fastener through 
the hole in the tab because of the high pressure at one 
end. 


Machine Screws 
Machine screws, conical washers, and nuts (or sync- 
nuts) can form a trouble-free fastener system for all types 
of packages which have mounting holes. However, 
proper torque is necessary. Torque ratings apply when 
dry; therefore, care must be exercised when using ther 
mal grease to prevent it from getting on the threads as 
inconsistent torque readings result. Machine screw heads 
should not directly contact the surface of plastic packages 
types as the screw heads are not sufficiently flat to pro 
vide properly distributed force. Without a washer, crack 
ing of the plastic case may occur. 


Self-Tapping Screws 
Under carefully controlled conditions, sheet-metal 
screws are acceptable. However, during the tapping- 
process with a standard screw, a volcano-like protrusion 
will develop in the metal being threaded; an unaccept 
able surface that could increase the thermal resistance 
may result. When standard sheet metal screws are used, 
they must be used in a clearance hole to engage a speed- 
nut. If a self tapping process is desired, the screw type 
must be used which roll-forms machine screw threads. 


Rivets 
Rivets are not a recommended fastener for any of the 
plastic packages. When a rugged metal flange-mount 
package or EMS module is being mounted directly to a 
heatsink, rivets can be used provided press-riveting is 
used. Crimping force must be applied slowly and evenly. 
Pop-riveting should never be used because the high 
crimping force could cause deformation of most semi 
conductor packages. Aluminum rivets are much pre 
ferred over steel because less pressure is required to set 
the rivet and thermal conductivity is improved. 
The hollow rivet, or eyelet, is preferred over solid rivets. 
An adjustable, regulated pressure press is used such that 
a gradually increasing pressure is used to pan the eyelet. 
Use of sharp blows could damage the semiconductor die. 


Solder 
Until the advent of the surface mount assembly tech 
nique, solder was not considered a suitable fastener for 
power semiconductors. However, user demand has led 
to the development of new packages for this application. 
Acceptable soldering methods include conventional belt- 
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furnace, irons, vapor-phase reflow, and infrared reflow. 
It is important that the semiconductor temperature not 
exceed the specified maximum (usually 260°C) or the die 
bond to the case could be damaged. Adegraded die bond 
has excessive thermal resistance which often leads to a 
failure under power cycling. 


Adhesives 
Adhesives are available which have coefficients of 
expansion compatible with copper and aluminum.'5) 
Highly conductive types are available; a 10 mil layer has 
approximately 0.3°C/W interface thermal resistance. Dif 
ferent types are offered: high strength types for non-field- 
servicable systems or low strength types for field- 
serviceable systems. Adhesive bonding is attractive 
when case mounted parts are used in wave soldering 
assembly because thermal greases are not compatible 
with the conformal coatings used and the greases foul 
the solder process. 


Plastic Hardware 
Most plastic materials will flow, but differ widely in this 
characteristic. When plastic materials form parts of the 
fastening system, compression washers are highly val 
uable to assure that the assembly will not loosen with 
time and temperature cycling. As previously discussed, 
loss of contact pressure will increase interface thermal 
resistance. 


FASTENING TECHNIQUES 


Each of the various classes of packages in use requires 
different fastening techniques. Details pertaining to each 
type are discussed in following sections. Some general 
considerations follow. 


CASE42A 
CASE 56-02 
CASE 245 
(00-5) 
DO-203AA 
(DO-4) 
(00-41 


CASE 144B-05 
(.380" STUD) 


6a. Standard Non-Isolated Types 


To prevent galvanic action from occurring when 
devices are used on aluminum heatsinks in a corrosive 
atmosphere, many devices are nickel- or gold-plated. 
Consequently, precautions must be taken not to mar the 
finish. 
Another factor to be considered is that when a copper 
based part is rigidly mounted to an aluminum heatsink, 
a bimetallic system results which will bend with tem 
perature changes. Not only is the thermal coefficient of 
expansion different for copper and aluminum, but the 
temperature gradient through each metal also causes 
each component to bend. Ifbending is excessive and the 
package is mounted by two or more screws the semi 
conductor chip could be damaged. Bending can be min 
imized by: 
1. Mounting the component parallel to the heatsink 
fins to provide increased stiffness. 
2. Allowing the heatsink holes to be a bit oversized so 
that some slip between surfaces can occur as tem 
perature changes. 
3. Using a highly conductive thermal grease or mount 
ing pad between the heatsink and semiconductor to 
minimize the temperature gradient and allow for 
movement. 


Stud Mount 
Parts which fall into the stud-mount classification are 
shown in Figure 6. Mounting errors with non-insulated 
stud-mounted parts are generally confined to application 


(5l Robert Batson, Elliot Fraunglass and James P. Moran, "Heat 
Dissipation Through Thermalloy Conductive Adhesives," EMTAS 
'83. Conference. February 1-3, Phoenix. AZ; Society of 
Manufacturing Engineers, One SME Drive, P.O. Box 930. Dearborn. 
Ml 48128. 


CASE 263-04 
CASE 311-02 


6b. Isolated Type 


6c. RF Stripline Opposed Emitter (SOE) Series 


Figure 6. A Variety of Stud-Mount Parts 
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of excessive torque or tapping the stud into a threaded 
heatsink hole. Both these practices may cause a warpage 
of the hex base which may crack the semiconductor die. 
The only recommended fastening method is to use a nut 
and washer; the details are shown in Figure 7. 
Insulated electrode packages on a stud mount base 
require less hardware. They are mounted the same as 
their non-insulated counterparts, but care must be exer 
cised to avoid applying a shear or tension stress to the 
insulation layer, usually a berrylium oxide (BeO) ceramic. 
This requirement dictates that the leads must be attached 
to the circuit with flexible wire. In addition, the stud hex 
should be used to hold the part while the nut is torqued. 
R.F. transistors in the stud-mount stripline opposed 
emitter (SOE) package impose some additional con 
straints because of the unique construction of the pack 
age. Special techniques to make connections to the strip- 
line leads and to mount the part so no tension or shear 
forces are applied to any ceramic — metal interface are 
discussed in the section entitled "Connecting and Han 
dling Terminals." 


"(fe^\ 
INSULATOR 


| CD> 
TEFLON BUSHING 


y^^ 
INSULATOR 


FLAT STEELWASHER 


— 
SOLDERTERMINAL 


— 
CONICAL WASHER 


Figure 7. Isolating Hardware Used for a Non-Isolated 
Stud-Mount Package 


Press Fit 
For most applications, the press-fit case should be 
mounted according to the instructions shown in Figure 
8. A special fixture meeting the necessary requirements 
must be used. 


CHAMFER 
1 —\\~- OtNOM. 
W 
.01 NOM. 
/ 
HEATSINK 
"TCI3) 
%V;M?A/AAAA 
—-j 
[—0.089 s 0.001 DIA. 


Heat Sink Mounting 


COMPLETE 
x THIN CHASSIS 
KNURL CONTACT 
AREA 


Thin-Chassis Mounting 


The hole edge must be chamfored as shown to prevent shearing 
off the knurled edge of the case during press-in. The pressing 
force should be applied evenly on the shoulder ring to avoid tilting 
or canting of the case in the hole during the pressing operation. 
Also, the use of a thermal joint compound will be of considerable 
aid. The pressing force willvary from 250 to 1000 pounds, depend 
ing upon the heatsink material. Recommended hardnesses are: 
copper-less than SO on the RockwellFscale; aluminum-less than 
65 on the Brinell scale. A heatsink as thin as 1/8" may be used, 
but the interlace thermal resistance will increase in direct pro 
portion to the contact area. A thin chassis requires the addition 
of a backup plate. 


Figure 8. Press-Fit Package 


Flange Mount 
A large variety of parts fit into the flange mount cate 
gory as shown in Figure 9. Few known mounting diffi 
culties exist with the smaller flange mount packages, 
such as the TO-204 (TO-3). The rugged base and distance 
between die and mounting holes combine to make it 
extremely difficult to cause any warpage unless mounted 
on a surface which is badly bowed or unless one side is 
tightened excessively before the other screw is started. 
It is therefore good practice to alternate tightening of the 
screws so that pressure is evenly applied. After the 
screws are finger-tight the hardware should be torqued 
to its final specification in at least two sequential steps. 
A typical mounting installation for a popular flange type 
part is shown in Figure 10. Machine screws (preferred) 
self-tapping screws, eyelets, or rivets may be used to 
secure the package using guidelines in the previous sec 
tion. "Fastener and Hardware Characteristics." 
The copper flange of the Energy Management Series 
(EMS) Modules is very thick. Consequently, the parts are 
rugged and indestructible for all practical purposes. No 
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CASE 1. 3, 11 
TO-204AA 
CASE 383-01 
(TO-3) 


CASE 357B-01 


9a. TO-3 Variations 
9b. Plastic Power Tap 


CASE 37301 
CASE 80701 
CASE 807A-01 
CASE 80801 


CASE 80301 
CASE 812-01 
CASE 81301 


9c. Energy Management Series 
(Isolated Base Plate) 


CASE 316-01 
CASE 319-04 
CASE 328A-01 
ICS-12) 


CASE 33303 
CASE 333A-01 
CASE 336-03 
IMAAC PAC) 


CASE 337-02 
CASE 361A01 
CASE 36801 
(HOG PAC) 


CASE 744A-01 


9d. RF Stripline Isolated Output Opposed Emitter 
(SOE) Series 


Figure 9. A Large Array of Parts Fit into the Flange-Mount Classification 


special precautions are necessary when fastening these 
parts to a heatsink. 
Some packages specify a tightening procedure. For 
example, with the Power Tap package. Figure 9b, final 
torque should be applied first to the center position. 
The RF power modules (MHW series) are more sen 
sitive to the flatness of the heatsink than other packages 
because a ceramic (BeO) substrate is attached to a rel 
atively thin, fairly long, flange. The maximum allowable 
flange bending to avoid mechanical damage has been 
determined and presented in detail in EB107 "Mounting 
Considerations for Motorola RF Power Modules." Many 
of the parts can handle a combined heatsink and flange 
deviation from flat of 7 to 8 mils which is commonly 
available. Others must be held to 1.5 mils, which requires 
that the heatsink have nearly perfect flatness. 
Specific mounting recommendations are critical to RF 
devices in isolated packages because of the internal 
ceramic substrate. The large area Case 368-1 (HOG PAC) 
will be used to illustrate problem areas. It is more sen 


sitive to proper mounting techniques than most other RF 
power devices. 
Although the data sheets contain information on rec 
ommended mounting procedures, experience indicates 
that they are often ignored. For example, the recom 
mended maximum torque on the 4-40 mounting screws 
is 5 in/lbs. Spring and flat washers are recommended. 
Over torquing is 
a common problem. 
In some parts 
returned for failure analysis, indentions up to 10 mils 
deep in the mounting screw areas have been observed. 
Calculations indicate that the length of the flange 
increases in excess of two mils with a temperature 
change of 75'C. In such cases, if the mounting screw 
torque is excessive, the flange is prevented from expand 
ing in length, instead it bends upwards in the mid-section, 
cracking the BeO and the die. A similar result can also 
occur during the initial mounting of the device if an exces 
sive amount of thermal compound is applied. With suf 
ficient torque, the thermal compound will squeeze out of 
the mounting hole areas, but will remain under the center 
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NO.6 SHEETMETAL SCREWS 


Figure 10. Hardware Used for a TO-204AA (TO-3) 
Flange Mount Part 


of the flange, deforming it. Deformations of 2-3 mils have 
been measured between the center and the ends under 
such conditions (enough to crack internal ceramic). 
Another problem arises because the thickness of the 
flange changes with temperature. For the 75"C temper 
ature excursion mentioned, the increased amount 
is 
around 0.25 mils which results in further tightening of 
the mounting screws, thus increasing the effective torque 
from the initial value. With a decrease in temperature, 
the opposite effect occurs. Therefore thermal cycling not 
only causes risk of structural damage but often causes 
the assembly to loosen which raises the interface resis 
tance. Use of compression hardware can eliminate this 
problem. 


Tab Mount 
The tab mount class is composed of a wide array of 
packages as illustrated in Figure 11. Mounting consid 
erations for all varieties are similar to that for the popular 
TO-220 package, whose suggested mounting arrange 
ments and hardware are shown in Figure 12. The rectan 
gular washer shown in Figure 12a is used to minimize 
distortion of the mounting flange; excessive distortion 
could cause damage to the semiconductor chip. Use of 


the washer is only important when the size of the mount 
ing hole exceeds 0.140 inch (6-32 clearance). Larger 
holes are needed to accommodate the lower insulating 
bushing when the screw is electrically connected to the 
case; however, the holes should not be larger than nec 
essary to provide hardware clearance and should never 
exceed a diameter of 0.250 inch. Flange distortion is also 
possible if excessive torque is used during mounting. A 
maximum torque of 8 inch-pounds is suggested when 
using a 6-32 screw. 
Care should be exorcised to assure that the tool used 
to drive the mounting screw never comes in contact with 
the plastic body during the driving operation. Such con 
tact can result in damage to the plastic body and internal 
device connections. To minimize this problem, Motorola 
TO-220 packages have a chamfer on one end. TO-220 
packages of other manufacturers may need a spacer or 
combination spacer and isolation bushing to raise the 
screw head above the top surface of the plastic. 
The popular TO-220 Package and others of similar con 
struction lift off the mounting surface as pressure is 
applied to one end. (See Appendix B, Figure Bl.) To 
counter this tendency, at least one hardware manufac 
turer offers a hard plastic cantilever beam which applies 
moreevenpressureonthe tab.'^) In addition,itseparates 


(6) Catalog, Edition 18, Richco Plastic Company. 5825 N. Tripp Ave.. 
Chicago, IL 60546. 


CASE 314B 
(5 PIN TO-220) 
CASE 314D 
CASE 339 


CASE 38701 
IT0-254AA) 
CASE 388A-01 
(TO-258AA) 


CASE 80602 
(ICePAK) 


Figure 11. Several Types of Tab-Mount Parts 
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a) Prclcrred Arrangement 
bl Alternate Arrangement 
for Isolated or Non-isolated 
for Isolated Mounting when 
Mounting. Screw is at 
Screw must be at Heatsink 
Semiconductor Case 
Potential. 4-40 Hardware is 
Potential. 6-32 Hardware is 
Used. 
Used. 


Choose from Parts Listed 
Below. 
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Use Parts Listed Below. 
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INSULATING BUSHING 
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WASHER 
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(CASE 221.22IAI 
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ll CONICAL WASHER 
| 
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A 


6 32 HEXNUT 


RECTANGULAR 


INSULATOR 


CCVK-SS:0N WASHER 


(1) Used with thin chassis and or large hole. 
(2) Used when isolation is required. 
(3) Required when nylon bushing is used. 


Figure 12. Mounting Arrangements for 
Tab Mount TO-220 


the mounting screw from the metal tab. Tab mount parts 
may also be effectively mounted with clips as shown in 
Figure 15c. To obtain high pressure without cracking the 
case, a pressure spreader bar should be used under the 
clip. Interface thermal resistance with the cantilever beam 
or clips can be lower than with screw mounting. 
The ICePAK (Case 806-02) is basically an elongated 
TO-220 package with isolated chips. The mounting pre 
cautions for the TO-220 consequently apply. In addition, 
since two mounting screws are required, the alternate 
tightening procedure described for the flange mount 
package should be used. 
In situations where a tab mount package is making 
direct contact with the heatsink, an eyelet may be used, 
provided sharp blows or impact shock is avoided. 


Plastic Body Mount 
The Thermopad and Full Pak plastic power packages 
shown in Figure 13 are typical of packages in this group. 
They have been designed to feature minimum size with 
no compromise in thermal resistance. For the Thermopad 
(Case 77) parts this is accomplished by die-bonding the 
silicon chip on one side of a thin copper sheet; the oppo 
site side is exposed as a mounting surface. The copper 
sheet has a hole for mounting; plastic is molded envel 
oping the chip but leaving the mounting hole open. The 
low thermal resistance of this construction is obtained at 
the expense of a requirement that strict attention be paid 
to the mounting procedure. 
The Full 
Pak (Case 221C-01) is similar to a 
TO-220 
except that the tab is encased in plastic. Because the 
mounting force is applied to plastic, the mounting pro 
cedure differs from a standard TO-220 and is similar to 
that of the Thermopad. 
Several types of fasteners may be used to secure these 
packages; machine screws, eyelets, or clips are preferred. 
With screws or eyelets, a conical washer should be used 
which applies the proper force to the package over a fairly 
wide range of deflection and distributes the force over a 
fairly large surface area. Screws should not be tightened 
with any type of air-driven torque gun or equipment 
which may cause high impact. Characteristics of a suit 
able conical washer is shown in Figure 5. 
Figure 14 shows details of mounting Case 77 devices. 
Clip mounting is fast and requires minimum hardware, 
however, the clip must be properly chosen to insure that 
the proper mounting force is applied. When electrical 
isolation is required with screw mounting, a bushing 
inside the mounting hole will insure that the screw 
threads do not contact the metal base. 
The Full Pak. (Case 221C, 221D and 340B) permits the 
mounting procedure to be greatly simplified over that of 
a standard TO-220. As shown in Figure 15c, one properly 
chosen clip, inserted into two slotted holes in the heat 
sink, is all the hardware needed. Even though clip pres 
sure is much lower than obtained with a screw, the ther 
mal resistance is about the same for either method. This 
occurs because the clip bears directly on top of the die 
and holds the package flat while the screw causes the 
package to lift up somewhat under the die. (See Figure 
Bl of Appendix B.) The interface should consist of a layer 
of thermal grease or a highly conductive thermal pad. Of 
course, screw mounting shown in Figure 15b may also 
be used but a conical compression washer should be 
included. Both methods afford a major reduction in hard 
ware as compared to the conventional mounting method 
with a TO-220 package which is shown in Figure 15a. 


CASE 77 
(TO-225AA/ 
TO-126) 
(THERMOPAD) 


CASE 221C-01 
CASE 221D-01' CASE 340B-03 
(Full Pak) 
(Full Pak) 
(Full Pak) 


Figure 13. Plastic Body-Mount Packages 
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14a. Machine Screw Mounting 


COMPRESSION WASHER 


INSULATING WASHER 
I0PTIONAL) 


14b. Eyelet Mounting 


14c. Clips 


Figure 14. Recommended Mounting Arrangements for 
TO-225AA (TO-126) Thermopad Packages 


Surface Mount 
Although many of the tab mount parts have been sur 
face mounted, special small footprint packages for 
mounting power semiconductors using surface mount 
assembly techniques have been developed. The DPAK, 
shown in Figure 16, for example, will accommodate a die 
up to 112 mils x 112 mils, and has a typical thermal resis 
tance around 2"C/W junction to case. The thermal resis- 


NSULATOR 


15a. Screw-Mounted TO-220 


V. 
«£» 


15c. Clip-Mounted Full Pak 


COMPRESSION WASHER 


•NUT 


15b. Screw-Mounted Full Pak 


Figure 15. Mounting Arrangements for the Full Pak as 
Compared to a Conventional TO-220 
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tance values of the solder interface is well under 1°C/W. 
The printed circuit board also serves as the heatsink. 
Standard Glass-Epoxy 2-ounce boards do not make 
very good heatsinks because the thin foil has a high ther 
mal resistance. As Figure 17 shows, thermal resistance 
assymtotes to about 20°C/W at 10 square inches of board 
area, although a point of diminishing returns occurs at 
about 3 square inches. 
Boards are offered that have thick aluminum or copper 
substrates. A dielectric coating designed for low thermal 
resistance is overlayed with one or two ounce copper foil 
for the preparation of printed conductor traces. Tests run 
on such a product indicate that case to substrate thermal 
resistance is in the vicinity of 1°C/W,exact values depend 
inguponboardtype.'7'Thesubstratemaybeaneffective 
heatsink itself, or it can be attached to a conventional 
finned heatsink for improved performance. 
Since DPAK and other surface mount packages are 
designed to be compatible with surface mount assembly 
techniques, no special precautions are needed other than 
to insure that maximum temperature/time profiles are 
not exceeded. 


| 
20 


CASE 369-03 
CASE 369A-04 


Figure 16. Surface Mount D-PAK Parts 
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Figure 17. Effect of Footprint Area on Thermal 
Resistance of DPAK Mounted on a Glass-Epoxy Board 


FREE AIR AND SOCKET MOUNTING 


In applications where average power dissipation is on 
the order of a watt or so, most power semiconductors 
may be mounted with little or no heatsinking. The leads 


(7) Herb Fick. "Thermal Management of Surface Mount Power 
Devices." Powerconversion end Intelligent Motion, August 1987. 


of the various metal power packages are not designed to 
support the packages; their cases must be firmly sup 
ported to avoid the possibility of cracked seals around 
the leads. Many plastic packages may be supported by 
their leads in applications where high shock and vibration 
stresses are not encountered and where no heatsink is 
used. The leads should be as short as possible to increase 
vibration resistance and reduce thermal resistance. As a 
general practice however, it is better to support the pack 
age. A plastic support for the TO-220 Package and other 
similar types is offered by heatsink accessory vendors. 
In many situations, because its leads are fairly heavy, 
the CASE77 (TO-225AA)(TO-127) package has supported 
a small heatsink; however, no definitive data is available. 
When using a small heatsink, it is good practice to have 
the sink rigidly mounted such that the sink or the board 
is providing total'support for the semiconductor. Two 
possible arrangements are shown in Figure 18. The 
arrangement of part (a) could be used with any plastic 
package, but the scheme of part (18b) is more practical 


T0-H5AA 
CASE77 
HEATSINK SURFACE 


CIRCUIT BOARD 


TWISTLOCKS 
OR 
SOLDERASLE 
LEGS 
18a. Simple Plate, Vertically Mounted 


CIRCUIT BOARD 


18b. Commercial Sink, Horizontally Mounted 


Figure 18. Methods of Using Small Heatsinks With 
Plastic Semiconductor Packages 
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with Case 77 Thermopad devices. With the other package 
types, mounting the transistor on top of the heatsink is 
more practical. 
In certain situations, in particularwhere semiconductor 
testing is required or prototypes are being developed, 
sockets are desirable. Manufacturers have provided sock 
ets for many of the packages available from Motorola. 
The user is urged to consult manufacturers' catalogs for 
specific details. Sockets with Kelvin connections are nec 
essary to obtain accurate voltage readings across semi 
conductor terminals. 


CONNECTING AND HANDLING TERMINALS 


Pins, leads, and tabs must be handled and connected 
properly to avoid undue mechanical stress which could 
cause semiconductor failure. Change in mechanical 
dimensions as a result of thermal cycling over operating 
temperature extremes must be considered. Standard 
metal, plastic, and RF stripline packages each have some 
special considerations. 


Metal Packages 
The pins and lugs of metal packaged devices using 
glass to metal seals are not designed to handle any sig 
nificant bending or stress. Ifabused, the seals could crack. 
Wires may be attached using sockets, crimp connectors 
or solder, provided the data sheet ratings are observed. 
When wires are attached directly to the pins, flexible or 
braided leads are recommended in order to provide strain 
relief. 


EMS Modules 
The screw terminals of the EMS modules look decep 
tively rugged. Since the flange base is mounted to a rigid 
heatsink, the connection to the terminals must allow 
some flexibility. A rigid buss bar should not be bolted to 
terminals. Lugs with braid are preferred. 


Plastic Packages 
The leads of the plastic packages are somewhat flexible 
and can be reshaped although this is not a recommended 
procedure. In many cases, a heatsink can be chosen 
which makes lead-bending unnecessary. Numerous lead- 
and tab-forming options are available from Motorola on 
large quantity orders. Preformed leads remove the users 
risk of device damage caused by bending. 
If, however, lead-bending is done by the user, several 
basic considerations should be observed. When bending 
the lead, support must be placed between the point of 
bending and the package. For forming small quantities 
of units, a pair of pliers may be used to clamp the leads 
at the case, while bending with the fingers or another 
pair of pliers. For production quantities, a suitable fixture 
should be made. 
The following rules should be observed to avoid dam 
age to the package. 
1. A leadbend radius greater than 1/16 inch is advisable 
for TO-225AA (CASE 77) and 1/32 inch for TO-220. 
2. No twisting of leads should be done at the case. 
3. 
No axial motion of the lead should be allowed with 
respect to the case. 


The leads of plastic packages are not designed to with 
stand excessive axial pull. Force in this direction greater 
than 4 pounds may result in permanent damage to the 
device. Ifthe mounting arrangement imposes axial stress 
on the leads, a condition which may be caused by thermal 
cycling, some method of strain relief should be devised. 
When wires are used for connections, care should be 


WRENCH 
FLAT 


CERAMIC 
CAP 


19a. Component Parts of a Stud Mount Stripline 
Package. Flange Mounted Packages 
are Similarly Constructed 
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19b. Typical Stud Type SOE Transistor 
Mounting Method 
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19c. Flange Type SOE Transistor Mounting Method 


Figure 19. Mounting Details for SOE Transistors 
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exercised to assure that movement of the wire does not 
cause movement of the lead at the lead-to-plastic junc 
tions. Highly flexible or braided wires are good for pro 
viding strain relief. 
Wire-wrapping of the leads is permissible, provided 
that the lead is restrained between the plastic case and 
the point of the wrapping. The leads may be soldered; 
the maximum soldering temperature, however, must not 
exceed 260°C and must be applied for not more than 5 
seconds at a distance greater than 1/8 inch from the plas 
tic case. 


Stripline Packages 
The leads of stripline packages normally are soldered 
into a board while the case is recessed to contact a heat 
sink as shown in Figure 19. The following rules should 
be observed: 


1. 
The device should never be mounted in such a man 
ner as to place ceramic-to-metal joints in tension. 
2. The device should never be mounted in such a man 
ner as to apply force on the strip leads in a vertical 
direction towards the cap. 
3. When the device is mounted in a printed circuit 
board with the copper stud and BeO portion of the 
header passing through a hole in the circuit boards, 
adequate clearance must be provided for the BeO 
to prevent shear forces from being applied to the 
leads. 
4. Some clearance must be allowed between the leads 
and the circuit board when the device is secured to 
the heatsink. 
5. The device should be properly secured into the heat 
sinks before its leads are attached into the circuit. 
6. The leads on stud type devices must not be used to 
prevent device rotation during stud torque appli 
cation. A wrench flat is provided for this purpose. 
Figure 19b shows a cross-section of a printed circuit 
board and heatsink assembly for mounting a stud type 
stripline device. H is the distance from the top surface of 
the printed circuit board to the D-flat heatsink surface. If 
H is less than the minimum distance from the bottom of 
the lead material to the mounting surface of the package, 
there is no possibility of tensile forces in the copper stud 
— BeO ceramic joint. If, however, H is greater than the 
package dimension, considerable force is applied to the 
cap to BeO joint and the BeO to stud joint. Two occur 
rences are possible at this point. The first is a cap joint 
failure when the structure is heated, as might occur dur 
ing the lead-soldering operation; while the second is BeO 
to stud failure if the force generated is high enough. Lack 
of contact between the device and the heatsink surface 
will occur as the differences between H and the package 
dimension become larger, this may result in device failure 
as power is applied. 
Figure 19c shows a typical mounting technique for 
flange-type stripline transistors. Again, H is defined as 
the distance from the top of the printed circuit board to 
the heatsink surface. If distance H is less than the mini 
mum distance from the bottom of transistor lead to the 
bottom surface of the flange, tensile forces at the various 
joints in the package are avoided. However, if distance H 
exceeds the package dimension, problems similar to 
those discussed for the stud type devices can occur. 


CLEANING CIRCUIT BOARDS 


It is important that any solvents or cleaning chemicals 
used in the process of degreasing or flux removal do not 
affect the reliability of the devices. Alcohol and unchlor- 
inated Freon solvents are generally satisfactory for use 
with plastic devices, since they do not damage the pack 
age. Hydrocarbons such as gasoline and chlorinated 
Freon may cause the encapsulant to swell, possibly dam 
aging the transistor die. 
When using an ultrasonic cleaner for cleaning circuit 
boards, care should be taken with regard to ultrasonic 
energy and time of application. This is particularly true 
if any packages are free-standing without support. 


THERMAL SYSTEM EVALUATION 


Assuming that a suitable method of mounting the 
semiconductor without incurring damage has been 
achieved, it is important to ascertain whether the junction 
temperature is within bounds. 
In applications where the power dissipated in the semi 
conductor consists of pulses at a low duty cycle, the 
instantaneous or peak junction temperature, not average 
temperature, may be the limiting condition. In this case, 
use must be made of transient thermal resistance data. 
For a full explanation of its use, see Motorola Application 
Note, AN569. 
Other applications, notably RF power amplifiers or 
switches driving highly reactive loads, may create severe 
current crowding conditions which render the traditional 
concepts of thermal resistance or transient thermal 
impedance invalid. In this case, transistor safe operating 
area, thyristor di/dt limits, or equivalent ratings as appli 
cable, must be observed. 
Fortunately, in many applications, a calculation of the 
average junction temperature is sufficient. It is based on 
the concept of thermal resistance between the junction 
and a temperature reference point on the case. (See 
Appendix A.) A fine wire thermocouple should be used, 
such as #36 AWG, to determine case temperature. Aver 
age operating junction temperature can be computed 
from the following equation: 


Tj = TC + RffJCxPo 
where 
Tj = junction temperature (°C) 
Tc = case temperature (°C) 
RflJC = thermal resistance junction-to- 
case as specified on the data 
sheet (°C/W) 
Pq = power dissipated in the device (W) 
The difficulty in applying the equation often lies in 
determining the power dissipation. Two commonly used 
empirical methods are graphical integration and 
substitution. 


Graphical Integration 
Graphical integration may be performed by taking 
oscilloscope pictures of a complete cycle of the voltage 
and current waveforms, using a limit device. The pictures 
should be taken with the temperature stabilized. Corre 
sponding points are then read from each photo at a suit 
able number of time increments. Each pair of voltage and 
current values are multiplied together to give instanta- 
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neous values of power. The results are plotted on linear 
graph paper, the number of squares within the curve 
counted, and the total divided by the number of squares 
along the time axis. The quotient is the average power 
dissipation. Oscilloscopes are available to perform these 
measurements and make the necessary calculations. 


Substitution 
This method is based upon substituting an easily meas 
urable, smooth dc source for a complex waveform. A 
switching arrangement is provided which allows oper 
ating the load with the device under test, until it stabilizes 


in temperature. Case temperature is monitored. By 
throwing the switch to the "test" position, the device 
under test is connected to a dc power supply, while 
another pole of the switch supplies the normal power to 
the load to keep it operating at full power level. The dc 
supply is adjusted so that the semiconductor case tem 
perature remains approximately constant when the 
switch is thrown to each position for about 10 seconds. 
The dc voltage and current values are multiplied together 
to obtain average power. It is generally necessary that a 
Kelvin connection be used for the device voltage 
measurement. 


APPENDIX A 
THERMAL RESISTANCE CONCEPTS 


The basic equation for heat transfer under steady-state 
conditions is generally written as: 


q = hAAT 
(1) 
where 
q = rate of heat transfer or power dissi 
pation (Pq> 
h = heat transfer coefficient, 
A = area involved in heat transfer, 
AT = temperature difference between 
regions of heat transfer. 


However, electrical engineers generally find it easier to 
work in terms of thermal resistance, defined as the ratio 
of temperature to power. From Equation 1, thermal resis 
tance, Rg, is 


Re = AT/q = 1/hA 
(2) 


The coefficient (h) depends upon the heat transfer mech 
anism used and various factors involved in that particular 
mechanism. 
An analogy between Equation (2) and Ohm's Law is 
often made to form models of heat flow. Note that T could 
be thought of as a voltage thermal resistance corre 
sponds to electrical resistance (R); and, power (q) is anal 
ogous to current (I). This gives rise to a basic thermal 
resistance model for a semiconductor as indicated by 
Figure Al. 
The equivalent electrical circuit may be analyzed by 
using Kirchoff's Law and the following equation results: 


Tj = Pd(R&JC + R0CS + R0SA) + TA 
(3) 


where 
Tj = junction temperature, 
Pq = power dissipation 
RflJC = semiconductor thermal resistance 
(junction to case), 
RflCS = interface thermal resistance (case 
to heatsink), 
R&SA = heatsink thermal resistance (heat 
sink to ambient), 
Ta = ambient temperature. 
The thermal resistance junction to ambient is the sum 
of the individual components. Each component must be 
minimized if the lowest junction temperature is to result. 
The value for the interface thermal resistance, RoCS< 
may be significant compared to the other thermal- 
resistance terms. A proper mounting procedure can 
minimize RgcS- 
The thermal resistance of the heatsink is not absolutely 
constant; its thermal efficiency increases as ambient tem 
perature increases and it is also affected by orientation 
of the sink. The thermal resistance of the semiconductor 
is also variable; it is a function of biasing and tempera 
ture. Semiconductor thermal resistance specifications 
are normally at conditions where current density is fairly 
uniform. In some applications such as in RF power ampli 
fiers and short-pulse applications, current density is not 
uniform and localized heating in the semiconductor chip 
will be the controlling factor in determining power han 
dling ability. 
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Rgure Al. Basic Thermal Resistance Model Showing Thermal to Electrical Analogy for a Semiconductor 
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APPENDIX B 
MEASUREMENT OF INTERFACE THERMAL RESISTANCE 


. Measuring the interface thermal resistance R#CS 
appears deceptively simple. All that's apparently needed 
is a thermocouple on the semiconductor case, a ther 
mocouple on the heatsink, and a means of applying and 
measuring DC power. However, RecS is proportional to 
the amount of contact area between the surfaces and 
consequently is affected by surface flatness and finish 
and the amount of pressure on the surfaces. The fasten 
ing method may also be a factor. In addition, placement 
of the thermocouples can have a significant influence 
upon the results. Consequently, values for interface ther 
mal resistance presented by different manufacturers are 
not in good agreement. Fastening methods and ther 
mocouple locations are considered in this Appendix. 
When fastening the test package in place with screws, 
thermal conduction may take place through the screws, 
for example, from the flange ear on a TO-3 package 
directly to the heatsink. This shunt path yields values 
which are artificially low for the insulation material and 
dependent upon screw head contact area and screw 
material. MIL-l-49456 allows screws to be used in tests 
for interface thermal resistance probably because it can 
be argued that this is "application oriented." 
Thermalloy takes pains to insulate all possible shunt 
conduction paths in order to more accurately evaluate 
insulation materials. The Motorola fixture uses an insu 
lated clamp arrangement to secure the package which 
also does not provide a conduction path. 
As described previously, some packages, such as a 
TO-220, may be mounted with either a screw through the 
tab or a clip bearing on the plastic body. These two meth 
ods often yield different values for interface thermal resis 
tance. Another discrepancy can occur if the top of the 
package is exposed to the ambient air where radiation 
and convection can take place. To avoid this, the package 
should be covered with insulating foam. It has been esti 
mated that a 15 to 20% error in RflCS can De incurred 
from this source. 
Another significant cause for measurement discrep 
ancies is the placement of the thermocouple to measure 


Rgure B1. JEDEC TO-220 Package Mounted to 
Heatsink Showing Various Thermocouple Locations 
and Lifting Caused by Pressure at One End 


the semiconductor case temperature. Consider the 
TO-220 package shown in Figure B1. The mounting pres 
sure at one end causes the other end — where the die is 
located — to lift off the mounting surface slightly. To 
improve contact, Motorola TO-220 Packages are slightly 
concave. Use of a spreader bar under the screw lessens 
the lifting, but some is inevitable with a package of this 
structure. Three thermocouple locations are shown: 


a. The Motorola location is directly under the die 
reached through a hole in the heatsink. The thermocouple 
is held in place by a spring which forces the thermocouple 
into intimate contact with the bottom of the semi's case. 
b. The JEDEC location is close to the die on the top 
surface of the package base reached through a blind hole 
drilled through the molded body. The thermocouple is 
swaged in place. 
c. The Thermalloy location is on the top portion of the 
tab between the molded body and the mounting screw. 
The thermocouple is soldered into position. 


Temperatures at the three locations are generally not 
the same. Consider the situation depicted in the figure. 
Because the only area of direct contact is around the 
mounting screw, nearly all the heat travels horizontally 
along the tab from the die to the contact area. Conse 
quently, the temperature at the JEDEC location is hotter 
than at the Thermalloy location and the Motorola location 
is even hotter. Since junction-to-sink thermal resistance 
must be constant for a given test setup, the calculated 
junction-to-case thermal resistance values decrease and 
case-to-sink values increase as the "case" temperature 
thermocouple readings become warmer. Thus the choice 
of reference point for the "case" temperature is quite 
important. 
There are examples where the relationship between 
the thermocouple temperatures are different from the 
previous situation. If a mica washer with grease is 
installed between the semiconductor package and the 
heatsink, tightening the screw will not bow the package; 
instead, the mica will be deformed. The primary heat 
conduction path is from the die through the mica to the 
heatsink. In this case, a small temperature drop will exist 
across the vertical dimension of the package mounting 
base so that the thermocouple at the EIA location will be 
the hottest. The thermocouple temperature at the Ther 
malloy location will be lower but close to the temperature 
at the EIA location as the lateral heat flow is generally 
small. The Motorola location will be coolest. 
The EIA location is chosen to obtain the highest tem 
perature on the case. It is of significance because power 
ratings are supposed to be based on this reference point. 
Unfortunately, the placement of the thermocouple is tedi 
ous and leaves the semiconductor in a condition unfit for 
sale. 
The Motorola location is chosen to obtain the highest 
temperature of the case at a point where, hopefully, the 
case is making contact to the heatsink. Once the special 
heatsink to accommodate the thermocouple has been 
fabricated, this method lends itself to production testing 
and does not mark the device. However, this location is 
not easily accessible to the user. 
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The Thermalloy location is convenient and is often cho 
sen by equipment manufacturers. However, it also blem 
ishes the case and may yield results differing up to 1°C/W 
for a TO-220 package mounted to a heatsink without ther 
mal grease and no insulator. This error is small when 
compared to the thermal resistance of heat dissipaters 
often used with this package, since power dissipation is 
usually a few watts. When compared to the specified 
junction-to-case values of some of the higher power 
semiconductors becoming available, however, the dif 
ference becomes significant and it is important that the 
semiconductor manufacturer and equipment manufac 
turer use the same reference point. 
Another EIA method of establishing reference temper 


atures utilizes a soft copper washer (thermal grease is 
used) between the semiconductor package and the heat 
sink. The washer is flat to within 1 mil/inch, has a finish 
better than 63 /x-inch, and has an imbedded thermocou 
ple near its center. This reference includes the interface 
resistance under nearly ideal conditions and is therefore 
application-oriented. It is also easy to use but has not 
become widely accepted. 
A good way to improve confidence in the choice of 
case reference point is to also test for junction-to-case 
thermal resistance while testing for interface thermal 
resistance. Ifthe junction-to-case values remain relatively 
constant as insulators are changed, torque varied, etc., 
then the case reference point is satisfactory. 


APPENDIX C 
Sources of Accessories 


Manufacturer 
Joint 
Compound 
Adhesives 


Insulators 


Heatsinks 
BeO 
AI02 
Anodize 
Mica 
Plastic 
Rim 
Silicone 
Rubber 


Aavid Eng. 
X 
X 
— 
- 
- 
- 
- 
X 
X 


AHAM-TOR 
— 
— 
— 
- 
- 
- 
- 
- 
X 


Astrodynamis 
X 
— 
— 
- 
- 
- 
- 
— 
X 


Delbert Blinn 
— 
— 
X 
- 
X 
X 
X 
X 
X 


IERC 
X 
— 
— 
- 
- 
- 
- 
— 
X 


Staver 
— 
— 
— 
- 
— 
- 
- 
— 
X 


Thermalloy 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Tran-tec 
— 
— 
X 
X 
X 
X 
- 
X 
X 


Wakefield Eng. 
X 
X 
X 
- 
X 
- 
— 
X 
X 


Other sources for silicone rubber pads: Chomerics, Berquist 


Suppliers Addresses 


Aavid Engineering, Inc., 30 Cook Court, Laconia, New 
Hampshire 03246 
(603) 524-4443 


AHAM-TOR Heatsinks, 27901 Front Street, Rancho, Cal 
ifornia 92390 
(714) 676-4151 


Astro Dynamics, Inc., 2 Gill St., Woburn, Massachusetts 
01801 
(617) 935-4944 


Berquist, 5300 Edina Industrial Blvd., Minneapolis, Min 
nesota 55435 
(612) 835-2322 


Chomerics, Inc., 16 Flagstone Drive, Hudson, New Hamp 
shire 03051 
1-800-633-8800 


Delbert Blinn Company, P.O. Box 2007, Pomona, Califor 
nia 91769 
(714) 629-3900 


International Electronic Research Corporation, 135 West 
Magnolia Boulevard, Burbank, California 91502 


(213) 849-2481 


The Staver Company, Inc., 41-51 Saxon Avenue, Bay 
Shore, Long Island, New York 11706 
(516) 666-8000 


Thermalloy, Inc., P.O. Box 34829, 2021 West Valley View 
Lane, Dallas, Texas 75234 
(214) 243-4321 


Tran-tec Corporation, P.O. Box 1044, Columbus, 
Nebraska 68601 
(402) 564-2748 


Wakefield Engineering, Inc., Wakefield, Massachusetts 
01880 
(617) 245-5900 
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PACKAGE INDEX 


PREFACE 


When the JEDEC registration system for package out 
lines started in 1957, numbers were assigned sequen 
tially whenever manufacturers wished to establish a 
package as an industry standard. As minor variations 
developed from these industry standards, either a new, 
non-related number was issued by JEDEC or manufac 
turers would attempt to relate the part to an industry 
standard via some appended description. 
In an attempt to ease confusion, JEDEC established the 
present system in late 1968 in which new packages are 
assigned into a category, based on their general physical 
appearance. Differences between specific packages in a 
category are denoted by suffix letters. The older package 


designations were re-registered to the new system as 
time permitted. 
For example the venerable TO-3 has many variations. 
Can heights differ and it is available with 30, 40, 50, and 
60 mil pins, with and without tugs. It is now classified in 
the TO-204 family. The TO-204AA conforms to the orig 
inal outline for the TO-3 having 40 mil pins while the 
TO-204AE has 60 mil pins, for example. 
The new numbers for the old parts really haven't 
caught on very well. It seems that the DO-4, DO-5 and 
TO-3 still convey sufficient meaning for general verbal 
communication. 


Case 
Number 


JEDEC Outline 


Notn 
Mounting 
See 
Page 
Origin*! 
System 
Revised 
System 


001 
TO-3 
TO-204AA 
Flange 
9 


003 
TO-3 
2 
Flange 
9 


009 
TO-61 
TO-210AC 
Stud 
8 


011 
TO-3 
TO-204AA 
- 
Flange 
9 


011A 
TO-3 
- 
2 
Flange 
9 


012 
TO-3 
- 
2 
Flange 
9 


038 
TO-60 
TO-210A8 
- 
Stud 
S 


042A 
DO-5 
DO-203AB 
- 
Stud 
8 


044 
DO-4 
0O-203AA 
- 
Stud 
8 


054 
TO-3 
- 
2 
Flange 
9 


059 
DO-4 
- 
- 
Stud 
8 


0S8 
DO-5 
- 
2 
Stud 
8 


SI-03 
Flange 
9 


6302 
70-64 
TO-20SAB 
Stud 
a 


63-03 
TO-64 
TO-2083AB 
Stud 
8 


077 
TO-126 
TO-325AA 
- 
Flattie 
12 


080 
TO-SS 
TO-213AA 
- 
Flange 
9 


OSS 
- 
TO-20S 
1 
Stud 
8 


OBSL 
- 
T0298 
1 
Stud 
8 


1448-05 
Stud 
8 


14SA-G9 
Stud 
8 


145A-10 
Stud 
8 


use 
TO-232 
1 
Stud 
8 


157 
- 
00-703 
1 
Stud 
8 


160-03 
TO-59 
TO-210AA 
- 
Stud 
8 


167 
- 
00-203 
1 
Stud 
a 


17444 
Pratifit 
9 


175-03 
Stud 
a 


197 
— 
TO-204AE 
- 
Ftange 
9 


311-07 
Flange 
9 


211-09 
Flange 
9 


r outNfw if regtstewad wfth JEDEC 


Cue 
Number 


JEDEC Outline 


Motet 
Mounting 
data 
See 
Pege 


Motorola 
JEDEC Outline 


Notes 
Mounting 
Class 
See 
Pege 
Case 
Number 
Original 
Revised 
System 
System 
System 


211-11 
Flange 
9 
33742 
Flange 
9 


21542 
Ftange 
9 
340 
TO-218AC 
Tab 
11 


221 
- 
TO-220AB 
- 
Tab 
11 
340A42 
Plastic 
12 


221C42 
Ptattic 
12 
340643 
Itoltted 
TO-218 
Plastic 
12 


221D-01 


- 
- 
Isolated 
TO-220 
PIattic 
12 
34241 
Flange 
9 


23S 
- 
TO-208 
1 
Stud 
8 
3S7B41 
Flange 
9 


23543 
Stud 
8 
36141 
Flange 
9 


238 
- 
TO-208 
1 
Stud 
a 
38841 
Flange 
9 


239 
- 
TO-208 
- 
Stud 
a 
36943 
TO-251 
Insertion 
14 


24444 
Stud 
8 
3S9A44 
TO-252 
Surface 
13 


245 
DO-4 
- 
- 
Stud 
8 
37341 
Isolated 
Flange 
9 


25741 
00 5 
- 
- 
Stud 
8 
38341 
Isolated 
Flango 
10 


2S3 
- 
TO-208 
- 
Slud 
8 
387-01 
TO-254AA 
Isolated 2 
Tab 
11 


2S344 
Stud 
8 
388A41 
TO-258AA 
lsoltted2 
Tab 
11 


283 
00-4 
- 
- 
Stud 
8 
74442 
Flange 
9 


289 
- 
TO-209 
1 
Stud 
8 
744A41 
Flange 
9 


305-01 
Slud 
8 
806-02 
Isolated 
Flange 
9 


31042 
Pressfit 
9 
80741 
Isolated 
Flange 
9 


31141 
Itoltted 
Slud 
8 
80742 
Isolated 
Range 
9 


31142 
Prettfit 
9 
807A41 
Isolated 
Flange 
9 


31142 
Stud 
8 
80841 
Isolated 
Flange 
9 


3148-01 
Tab 
11 
60941 
Isolated 
Flange 
9 


314041 
Tab 
11 
81241 
Isolated 
Flange 
9 


31641 
Flange 
9 
81341 
Isolated 
Flange 
9 


31944 
Flange 
9 
81441 
Isolated 
Flange 
9 


328A41 
Flange 
9 
814A41 
Isolated 
Flange 
9 


33244 
Stud 
8 
084841 
Isolated 
Ftange 
9 


33343 
Flange 
9 
81641 
isolated 
Flange 
9 


333A41 
Ftange 
9 
81941 
Isolated 
Flange 
9 


338-03 
Flange 
9 
04342 
00-21 
0O-208AA 
Pressfit 
9 
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Mounting Procedures for 
Very High Power RF Transistors 


Prepared by 
Helge 0. Granberg 
RF Engineering 
Advanced Products Group 


RF power semiconductors such as MRF153, MRF154, 
MRF155, MRF156 and MRF430 are housed in Case 368- 
01, whereas MRF141G, MRF151G, MRF175G and 
IV1RF176G use Case 375-01 (both shown below). All of 
these are high power devices (200-600 W), which results 
in an abnormally large amount of heat dissipated within 
a small physical area. For such high power transistors, 
special attention must be paid to the heat sink material 
as well as the finish and flatness of the mounting surface. 
The material should have at least a thermal conductivity 
equal to or better than copper and for the mounting sur 
face flatness ±0.0005" can be considered sufficient. The 
heat sink can be made of material with lower thermal 
conductivity such as aluminum, but in that case a copper 
heat spreader should be used. The heat spreader should 
have a minimum thickness of 0.25" for case 375-01 and 
0.375" for 368-01 and should extend at least 0.5" to 1.0" 
beyond the flange edges, depending on the device type 
and the amount of dissipation involved. For die temper 
ature calculations of devices in case 368-01, the A tem 
perature between the mounting screw areas and the bot 
tom center of the flange is approximately 5°C and 10°C 
under normal operating conditions and dissipations of 
150 W and 300 W respectively. 
Although the data sheets contain information on the 
subject above as well as the mounting procedures of 
these devices, very few designers actually follow them. 
The maximum recommended torque on the #4 size 
mounting screws is 4-5 in.-lbs. along with split lock- and 
flat-washers, of which the latter should be in immediate 
contact with the flange's top surface. Experiments have 
shown that merely compressing the split lock washer to 
its full flatness produces enough torque for sufficient 
pressure against the heat sink. The split lock washers are 
available with various spring tensions. Bell type compres 
sion washers would be an even better choice if found 
with 5 in.-lbs. or lower torque specifications. 
Calculations indicate that the length of the case 368-01 
copper flange increases in excess of two thousands of 
an inch with a temperature change of 75°C. In such case, 
if the mounting screws are torqued too tight, the flange 
cannot expand in length but will bend upwards in the 
mid section, cracking the Beryllium Oxide insulators as 
well as the dice. It must also be noted that the thickness 
of the flange increases with temperature. For the excur 


sion mentioned above, the amount is around 0.25 mils, 
which results in further tightening of the mounting 
screws, thus increasing the effective torque from the ini 
tial value. However the amount of increase is difficult to 
measure and depends on the exact type of mounting 
hardware used. The copper-tungsten flange of case 375- 
01 has a much lower expansion coefficient than copper, 
but if mounted on a copper or aluminum heat sink, it can 
be similarly bent during a cooling cycle as the heat sink 
material contracts. 
Deformation can also occur during the initial mounting 
of the device if an excessive amount of thermal com 
pound is applied along with sufficient screw torque. The 
thermal compound will squeeze out of the mounting hole 
areas, but will remain under the center of the flange, 
deforming it in a similar manner. Depending on the 
amount of thermal compound and its type, deflections 
of 2-3 mils have been measured between the flange cen 
ter and corners created by such conditions. The same can 
happen with all flange mounted RF devices, but with 
thicker Beryllium Oxide insulators and lower dissipation 
levels the problem is less severe. 
The maximum operating junction temperature and the 
total dissipation are usually given in the data sheets. It 
should be able for the device to be operated within these 
limits if the case temperature can be kept at 25°C or the 
derating factor is taken into account. The 150°C storage 
temperature indicated implies that the device can be 
operated at that case temperature, which is true but at a 
much derated dissipation rating. However good engi 
neering practices would limit the case temperature to 
70-80°C and the die temperature to not higher than twice 
that. 


CASE 368-01 
CASE 375-01 
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Applying Power MOSFETs in Class D/E RF 
Power Amplifier Design 


Reprinted by permission from RF DESIGN. June. 1985 
issue. ? 1985 Cardiff Publishing Co., a subsidiary 
of Argus Press Holdings, Inc. 


By H.O. Granberg 
Motorola Semiconductor Products, Inc. 


Class 
D 
and 
E 
are 
variations 
of 
switching mode amplifiers 
which are 
designated in the literature at least up to 
Class S. Switching means that the ampli 
fying devices are either conducting or 
"open" during each half cycle and the 
switching from one state to the other is 
done as fast as possible. Insome systems 
the switching is done at other than the 
carrier frequencies 
for modulation or 
other purposes. Class D and E usually 
refer to carrier switchedamplifiers and are 
best suited for high frequency applica 
tions where the rise and fall times of the 
switching waveform are of main impor 
tance. They are directly adaptable to CW 
or FM, but other types of modulation are 
also possible by pulse width or amplitude 
modulation (1, 2, 3, 4, 5). The theoretical 
aspects have been well covered by F.H. 
Raab anc N. Sokal in numerous publica 
tions over the years, and practical low 
power designs have also been shown. 
The author feels that since the evolution 
of the 
RF power FET, high power 
switching amplifiers can be designed at 
least up to 30 MHzand possibly 50 MHz. 


Currently, Class Dor E transmitters are 
marketed at up to 10kW power levels 
for the broadcast band (.55 MHz-1.6MHz) 
and at 1 kW for shortwave (up to 15 MHz). 
All use power FETs as the switches and 
advertise high efficiency and reliability. 
When the efficiency is higher, the reliabil 
ity is better since the transistor (FET)die 
operates at a lower temperature. Efficien 
cies of at least 70 percent to 80 percent 
in Class D and 80 percent to SO percent 
in Class E are possible with the present 
RF power FETs at moderate power levels. 
Efficiency in Class D is limited mainly by 
the saturation resistance of the devices 
and the output capacitance. The objec 
tive in Class E is to use the device output 
capacitance as part of a tuned circuit, 


thus eliminating its effect as a 
load 
capacitance. In an ideal form it also en 
sures that the switching voltage and cur 
rent waveforms are not overlapping (6, 7). 
Anobvious advantage of high efficiency 
is the smaller amount of heat generated 
compared to power output. This results 
in a smaller heat sink and more compact 
design, leading to smaller output devices 
and reduced cost. An important applica 
tion of high efficiency amplifiers is in bat 
tery powered transmitters, where battery 
lifetimes 25 percent to 30 percent longer 
than Class C should be possible. Another 
advantage is simplified circuit design, 
since interstage matching networks are 
not required, as they are with Class A, B 
and C, where the amplifying devices act 
as current sources rather than switches. 
From the low level limiter to the RA. the 
power gain can be as high as 40 dB to 
50 dB and the system bandwidth is limited 
only 
by the 
response of the 
output 
transformer or matching network. Assum 
ing a constant pulse width from the limiter 
on, extremely wide-band amplifiers can 
be designed with no variation in power 
gain. Figure 1 shows an estimated power 
level vs. frequency curve of Class D/E 
feasibility with today's technology. 
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FIGURE 1.Estimated maximum power 
levels with a push-pull or single end 
ed Class DIEamplifier based on pres 
ent technology. 


MOTOROLA RF DEVICE DATA 


7-296 


Preparing the Carrier Input Signal 
Since the emphasis here is on relatively 
high power levels (up to 300W-400W per 
push-pull pair), the signal processing cir 
cuitry is only designed to operate up to 
50 MHz. At higher frequencies it may be 
desirable to employ single ended designs 
in order to avoid any possible phase 
errors, which become exponentially more 
difficult to control with increasing fre 
quency. The phase errors can be mini 
mized in a push-pull circuit by providing 
the RA. input drive through a transformer 
with bandwidth characteristics that will not 
affect the input rise and fall times con 
siderably. Due to the difficulty in design 
ing 
such 
transformers, 
which 
would 
require a bandwidth of one to several hun 
dred MHz for a 2 MHz to 50 MHz carrier, 
it was decided to create the required 180 
degree out-of-phase signals with ECL in 
tegrated circuits (Fig. 2). 
The RF drive is first limited in a pair of 
cross coupled hot carrier diodes and then 
in three sections of ECL line receivers 
(MC 10H116). The limiter has approx 
imately 50 dB dynamic range for ampli 
tude modulated signals such as SSB. A 
peak detector circuit, shown at the upper 
left, was included, although the scope of 
this article is not to describe a modulated 
system. 
The detector was designed to operate 
at audio frequencies, 300 Hz to 3 kHz, 
with an RF carrier down to 2 MHz. The 
detector output with two-tone RF input is 
shown in Figure 3. 
The output audio envelope can be fed 
to an audio amplifier which can drive an 
emitter-follower or switchmode regulator 
that supplies the VDD to the Class D P.A. 
The principle is to provide the amplitude 
information through this audio chain and 
the phase information through the RF 
chain. They are then combined in the out 
put stage to provide a restored AM or SSB 
signal. This technique is called Envelope 
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FIGURE 2. Schematic of the signal processor used inallthe Class D experimentsdescribed. Ifthe inputis insine wave,the amplitude 
can vary from .5 to 100 peak to peak. The output duty cycle is independent of the frequency. 


Elimination and Restoration (EER) (2, 3, 
4, 5). Pulsewidth modulation techniques 
can also be used to amplify AMand SSB 
signals with a Class D amplifier (1); 
however, the technique involves gener 
ating an inverse sine reference signal at 
the carrier frequency, and the distortion 
would be directly reflected to the output. 
The finite switching speeds also limit the 
dynamic range in this system. Both pro 
blems make the pulse width modulation 
technique practical only up to a few MHz. 
In contrast, distortion in an EER system 
is generated only by phase errors bet 
ween the audio and RF chains (4, 5). 
Although the circuit in Figure 2 is not 
intended for pulse width modulation, a 
provision was made to adjust the pulse 
width manually to allow the power output 
to be varied and to ensure that the RA. 
drive signals would not be overlapping. 
The objective was to provide a constant 
duty cycle with frequencies anywhere be 
tween 2 MHz and 50 MHz. This was diffi 
cult to achieve, and the final result was 
that the frequency was split into two 
segments: 2-25 MHz and 25-50 MHz. Ad 
justments in the MC10198(one shot) tim 
ing as well as the LM307 and the com 
parator biases were necessary to cover 
each band. The problem was mainly with 
the limited capacitance range of the 
MVAM108 tuning diodes in the integrator. 
Their capacitance should track the fre 
quency in order to provide a constant 


amplitude triangular wave output from the 
integrator. It must be pointed out that the 
physical circuit layout of the integrator is 
critical for low distortion output. All lead 
lengths should be minimized and else 
where proper ECL wiring techniques 
should be followed. 
The circuit of Figure 2 was intended to 
be used with a number of Class D RA.s 
studied. It is remotely located from the 
driver and the RA. assembly, and the 
signals between the two are connected by 
twisted wire lines. The pull down resistors 
in the MC10195outputs are provided only 
for testing purposes, while the termina 
tions are located at the driver and P.A. 
assembly. 


The Driver 
Because of direct coupling between the 
stages, each side of the push-pull circuit 
requires its own driver and pre-driver. This 
has the advantage that the high peak cur 
rent requirement from the driver is divided 
between two circuits, which will be dis 
cussed later in detail. For this reason also 
the push-pull configuration was chosen. 
A single ended design would require an 
output FET twice as large, having propor 
tionally higher gate input capacitance. 
The ECL level limited signal must be 
converted first to a voltage swing of at 
least 2 to 3 volts above ground to feed the 
driver, which may have a FET or bipolar 
input. The circuit shown in Figure 4E can 
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be used for this, or 4F, if the ECL is 
operated between ground and +5 volts. 
Alternatively, integrated circuits, such as 
the MC10G125 ECL to TTL converter or 
MC10177 MOS clock driver, can be used 
for this function, as shown in Figure 5. 
These ICs can be operated with single 
phase inputs as well as two phase. The 
voltage swing must be increased to 8 to 
10 volts above ground to ensure that the 
P.A. FETs will be fully "turned on." 
Figure 4 gives examples of drivers that 
are fairly simple and can drive heavy 
capacitance loads. Figure 4A is the most 
complex, but it performs well providing 
the devices are correctly selected and the 
gate threshold voltages of Q3 and Q5 are 
equal. Without a load no current should 
flow through Q2 and Q3. The last state 
ment applies to 4B also, ifQ2 and Q3 are 
switched correctly. This basic circuit is 
used in the output stages of many TTL 
gates and buffers, and in integrated form 
the transistor base-emitter forward and 
saturation voltages can be 
controlled 
closely. In a discrete form the value of Q1 
emitter resistor must be adjusted accor 
ding to the parameters above. In addition, 
Q3, which is in common emitter config 
uration, must be of a fine geometry, high 
frequency design to minimize the base- 
emitter junction stored charge effect. 
Such devices in the NPN polarity are cur 
rently available in many package config 
urations. 


FIGURE 3. 
The peak detector output 
waveform (Fig. 2) with a two tone SSB 
drive signal. This can be used to control 
the P.A. supply voltage 
for amplitude 
modulation. 


Circuits in 4C and 4D are the simplesl 
and least critical, although both 
have 
some drawbacks. 4D uses a passive pull 
down, where the resistor value can be 
calculated for the desired turn off time 
when the voltage and FET input capaci 
tances are known. A typical value for a 
50W FET operating at 50 MHz would be 
around 3 to 4 ohms. The resistor current 
will be added to the input capacitance 
(C,S5) charge current, requiring a doubled 
current capability from the emitter follower 
(Q2). although the average power dissipat 
ed is equal to that of circuits with active 
pull down. The complementary emitter 
follower in 4C is probably the most effi 
cient driver, considering its simplicity. It 
is tolerant against variations in device 
parameters and has the lowest output im 
pedance if the transistors are properly 
selected. The only disadvantage is the 
scarcity of high frequency PNP transistors 
with sufficient current capabilities. In all 
Figure 4 circuits the pre-driver (Q,) can 
be a bipolar transistor or a FET depen 
ding on the exact requirements and the 
input signal amplitude. 


Power MOSFET HF Switching 
Characteristics 
At low frequencies the MOSFET gate 
should present a purely capacitive load 
to the driver. In switching applications, 
however, the rise and fall times represent 
a much higher frequency component than 
the fundamental. For example, if at 30 
MHz carrier 
4 
nanosecond 
switching 
times can be tolerated, at 80 
percent 
amplitude the 4 ns represents roughly a 
100 
MHz sine 
wave. 
Examining the 
MRF150 Smith Chart (data sheet) and 
converting the information into parallel 
form we find that the input capacitance 
remains a constant 800 pF up to 150 MHz. 
This is an average value under biased 
and linear operating conditions, but it in 
dicates that the wire bond and package 
inductances have a minimal effect at that 
frequency. 
For 
switching applications, 
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FIGURE 4. Various Class D driver configurations. E and F are 
intended lor ECL to positive level conversion, while A, B, C and 
D are designed to operate from higher voltage inputs to drive 
capacitive loads, such as the FET lates. 


where the FET goes into saturation, the 
input capacitance is more difficult 
to 
define. 
As shown in Figure 5, the C,5S varies 
with gate and drain voltages. At left (zero 
gate voltage) we can see the value under 
the conditions where the parameter is 
normally specified. At increased gate 
voltage the capacitance goes down to its 
lowest value, just 
before reaching the 
tnreshold voltage. When Ihe FET begins 
to draw drain current, there is a point 
where the device gain is at its highest 
value. At that time the drain voltage is also 
lowered, resulting in reduction of the 
depletion area and causing an overlap 
between the gate and the bulk material. 
This in turn increases the value of drain 
to gate capacitance (C,„), which will be 
multiplied 
further 
by 
the 
gain 
and 
reflected back to the gate. As a result, a 
sharp peak in the C „ will occur. When 
the FET is fully saturated, the Css settles 
to its value under zero drain voltage and 
positive gate conditions. A similar effect 
is present with all power MOSFETs to 
some extent depending on 
their exact 
parameters. The data was taken at 1 MHz 
but is not expected to change consid 
erably at higher frequencies 
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Figure 6 shows two input drive wave 
forms superimposed at 25 MHz repetition 
rate: the driver waveform without a load 
(A)and when loaded by the FET gate (B). 
The notches in B are the result of the 
C,, peak in both turn on and turn off. In 
low frequency switching applications this 
may not be directly noticeable due to the 
much slower transition times involved. For 
HF, the peak value of the C,S5 must 
definitely be 
taken 
into 
consideration 
when designing the driver. Assuming the 
driver pulse amplitude is 8 volts, the driver 
has a relatively easy task in turning the 
FET on. The C,iS is low up to the 
threshold point, approximately 3.5 volts, 
increasing to 
4.5 
volts. After this, the 
voltage only has to increase another 3.5 
volts, loaded by the high capacitance. 
Since this period falls within the "on" 
cycle of the FET, a slower rise time is of 
lesser importance. In turning the FET off 
the driver must supply the highest current 
at the beginning of the cycle. Its dissipa 
tion is also at the peak at this point and 
high until the first 3.5 volts of discharge 
is completed, the load capacitance low 
ered and the voltage across the driver 
gradually reduced. This is the most critical 
part of the cycle since it can result in a 
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FIGURE 5. Typical TMOS (MRF-150) gate-source capacitance 
versus gate and drain voltages. Allpower MOSFETsbehave more 
or less similarly, depending on their die structures, geometries 
and electrical parameters. 


FIGURE 6. Driver output waveform at 25 MHz. A without a load. 
B loaded by Ihe P.A. FET gate. Results of the uneven gate 
capacitance distribution versus gate and drain voltage can be 
noticed in B. 
10 nS and 2v/div. 


delay in the turn off ol the FET, causing 
both sides of a push-pull circuit to draw 
current simultaneously for a part of the 
cycle. The delay can be prevented or mini 
mized by adjusting the driver voltage 
amplitude only to a level necessary to 
switch the output FETs to a full saturation 
and completely off. Any excess voltage 
swing increases the delay and also the 
dissipation in the driver. 
Considering the complex nature of the 
FET C,„, a most realistic figure for the 
required driver output impedance can be 
obtained if it is calculated for the peak 
capacitance value and the gate voltage 
swing between saturation and threshold: 


-t 


C x Ln(1 - 
V- 


where: 
-t = required switching time (4ns). 
C = FET input capacitance at the peak 
(1300 pF). 
V, = gate voltage at saturation (8V). 
V2 = gate voltage between saturation 
and threshold (4.5V). 


then: 


-4x10-* 


1.3 x 10-9(-.82) 


= 3.74 ohms 


-4 


1.3 x (-.82) 


This translates to 1.2 amperes up to 
where the driver transistors (NPN and 
PNP) must have a linear hFE. As stated 
earlier, the 4 ns transition times represent 
about a 100 MHz sine wave, which means 
that an HF beta of 10 would require an f, 
of 1000 MHz for the driver transistors ac 
cording to the 6 dB/octave slope (8). The 
DC beta (hFE) is not critical but must be 
greater than 10. 
For the complementary emitter follower, 
the PNP half may be difficult to find with 


the above specifications. In fact, some 
special units were built for experimental 
purposes using a multiple die similar to 
the 2N5583. The NPN counterpart was an 
MRF630. This combination worked well 
except that heat sinking of the TO-39 
packages was difficult because of the 
close proximity 
of the pair, which is 
necessary to minimize all inductances. 


Output Impedance Matching 
In lowvoltage Class A, B and C designs 
the output impedance matching becomes 
difficult due to the low impedance levels 
involved at 100 W and higher output 
levels, if broadband operation is required 
al HF.The matching is usually done with 
broadband transformers, of which the 
transmission line types offer the best 
broadband performance. For many appli 
cations, however, they are considered im 
practical and bulky in higher than 9:1 or 
16:1impedance ratios (9). There are other 
transformer types that are more conve 
nient in physical aspects but lack the 
bandwidth characteristics. This poses a 
real problem, especially for Class D where 
bandwidths from 1 MHz to 100 MHz or 
higher may be required. A transformer 
type which is fairly good for impedance 
ratios to 25:1 and higher is one where the 
low impedance winding is formed by 
metal tubes inside ferrite sleeves and the 
high 
impedance 
widing 
is 
thieaded 
through the tubes (7. 9). Such a trans 
former was used in the design of Figure 
7, where the power output specification 
was 100 W, requiring the closest integer 
of 16:1 impedance ratio. 
Two points in its behavior must be 
noted. 
1. The high leakage inductance of this 
type transformer requires an unusually 
large 
capacitance 
for 
compensation 
limiting the bandwidths. These capaci 
tances, 
of 
which 
the 
device 
output 
capacitance will be a part, are normally 
located across the primary or secondary 
windings, or both (Figure 7, C, and C?). 
The required compensation can be cal 
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culated from the measured leakage in 
ductance, and the maximum frequency 
will be limited by the device output and 
stray capacitances. At the resonant fre 
quency the transformer VSWR will be 
1.2:1. increasing to approximately 6:1 an 
octave higher (10). The leakage induc 
tance can be measured across the secon 
dary with the primary shorted. The con 
nection inductances must be added to 
this and the maximum tolerable value is: 


L, = 
R, 


2~: 


where: 


L, = Leakage inductance (^H) 
RL =Load impedance (50 ohms) 
f = Maximum frequency (Mhz) 


In Class D, the limited bandwidth will 
slow down the output rise and fall times. 
Since the transformer acts as a low Q 
resonant circuit, this can be used to place 
the amplifier in Class E mode of opera 
tion bymovingthe resonance down to the 
carrier frequency, although the Q cannot 
be properly controlled and the system 
may not be optimized. 
2. The coupling between the two halves 
of the low impedance primary winding is 
only provided through the secondary and 
is very poor at higher frequencies due to 
the leakage inductances. Ifthe amplifier 
is designed for voltage switching con 
figuration, the transformer center tap is 
bypassed to ground. Due to the decreas 
ing coupling the effect of the center tap 
is lost and at 
higher frequencies the 
amplifier will turn into current switching 
mode. With these two configurations the 
drain voltage and current waveforms are 
reversed (7), resulting in unpredictable 
waveshapes at the between frequencies. 
This will not affect the amplifier's effic 
iency,which theoreticallyshould be equal 
for voltage and current switching modes, 
but makes its operation more difficult to 
analyze. If the transformer is properly 
designed, 
e.g., the tube diameter to 


length ratio is high for increased coup 
lings and the inductances between the 
transformer and FET drains are low, 
satisfactory operation up to 50 MHz is 
possible, depending on the impedance 
ratio in question. 


Efficiency Considerations 
The efficiency of an amplifier is defined 
as the ratio of DC input power to RF out 
put power and is usually expressed in 
percentage. There are three main device 
parameters that affect the efficiency of a 
Class D amplifier: 
1. Saturation voltage, in some data 
sheets given as saturation resistance, is 
directly proportional to the current and 
more linear with FETs than with bipolar 
transistors due to the latter's nonlinear 
diode characteristics. In contrast to the 
bipolar the FET has a highly positive 
temperature coefficient slope (saturation 
voltage increases with temperature), ap 
proximately 1 percent/°C. The DC value 
starts higher with FETs than with com 
parable devices. At RF the saturation vol 
tage is further increased by the package 
and wire bond inductances and is more 
noticeable with low voltage devices due 
to the low impedances and high current 
levels involved. The RF saturation voltage 
can be more accurately measured than 
calculated. Typical values for MRF140 and 
MRF150, for example, are 1.7 volts and 3.0 
volts, respectively, at 10 amperes and 30 
MHz. From these numbers the efficiency 
can be calculated simply as: 


Vm-V., 


2. The switching speed of a transistor 
or a FET is mainly related to its high fre 
quency characteristics, as discussed 
earlier in the driver paragraph. The in 
ternal capacitances -have a large effect, 
but they in turn are a function of f„ ex 
cept forsmall differences between various 
FET structures such as interdigitated and 
overlay or TMOS and VMOS.Forcompar 
able geometries the FET has about three 
times higher f, than the BPT. This means 
that some of the lowfrequency switching 
FETs can be used as RF switches up to 
20 MHz to 30 MHz if a low output im 
pedance driver is provided. In case of a 
sine-wave driving signal (7)the switching 
speed relies totallyon the device high fre 
quency gain and the input signal ampli 
tude, whereas with a square-wave drive, 
it is affected by the input rise and falltimes 
as well. Assuming a linear ramp with no 
distortion, the effect of transition times on 
efficiency can be calculated as: 
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360 x sinQs 


2n x 0s 


where: 0s is the phase angle portion of 
a fullcycle that the transition time covers. 
3. The device output capacitance, or 
any external capacitance shunting the 
output, reduces the efficiency of an 
amplifier. 
This 
capacitance 
must 
be 
charged to nearly twice the supply voltage 
during each cycle, and the power used is 
dissipated in the amplifying device. In nar 
rowband designs and Class E switching 
it can be tuned out but not completely 
since its value varies with the output 
voltage swing. With power transistors and 
power FETs, the C^ or Coss is usually 
dominant and stray capacitances can be 
disregarded for practical purposes. Their 
values in data sheets are specified at DC 
and at the recommended supply voltage 
for RF, or mostly at 25 volts for LF 
switching. For example, the C^ for the 
MRF150 is given as 250 pF at 50 volts but 
is higher at lower voltage and increases 
sharply at voltages below 5; thus, for ac 
curate calculations a higher Coss value 
should be used for an average, but itcan 
only be obtained from a Cossvs voltage 
curve. According to the formula in Ref 
erence 7, (p.446) the power loss for a 
push-pull amplifier is: 


Ps =CS(2VB„)*(2f) = 8 C5 Voll*f where: 
Ps = Power loss 
Cs = Device output capacitance 
^elt = Vqo ~ Vsat 
I = Frequency 


From this we can see that power loss 
depends mostly on supply voltage and on 
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capacitance and frequency to a lesser 
degree. The output rise and fall times for 
these calculations are irrelevant since 
they only affect the peak power dissipated 
in charging the load capacitance, the 
average power remaining constant. 
For a pair of MRF150S operating at 50 
volts and a power output of 300 watts the 
power loss would be 8 (250 x 10'2) (47)2 
(30 x 106), considering the worst case at 
30 MHz. (2 x 10-3) (2200) (30) = 132 
watts and the efficiency is: 


300 


132 + 300 


= 69 percent. 


Ifthe same die (MRF140), with its 450 pF 
output capacitance, were used in a similar 
28 voltsystem, the efficiency would be (3.6 
x 10-3) (692) (30) = 75 percent. This is in 
contrast to the belief that a higher supply 
voltage automatically results in higher ef 
ficiency except when the circuit losses 
become high at very low output imped 
ances. Considering this, it would seem 
that Class D efficiency is not much bet 
ter than Class B or Class C, at least at 
higher supply voltages. Ifwe calculate the 
total efficiency, taking all the above (ac 
tors into account, it is only about 60 per 
cent, However, efficiencies up to 80 per 
cent have been demonstrated in practice 
in similar systems, using the MRF150S or 
comparable devices. 
Itis obvious that load capacitance is the 
one factor that limits amplifier efficiency 
most seriously, unless it can be compen 
sated for.Assuming a perfect output trans 
former in a Class D push-pull amplifier, 
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FIGURE7.Schematic of Class D push-pull amplifier.ECLintegrated circuits are used 
toprovide the 180 out of phase input signal (see Fig. 12). This makes the pulse width 
easy to control compared to transformer coupling. 
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the compensation could be done by in 
serting a required amount of series induc 
tance between the drains and the trans 
former primary. This would form a res 
onant circuit with the device C0„. limiting 
Ihe bandwidth to some extent, and the ad 
vantage of the perfect transformer would 
be lost. This inductance can be used and 
sometimes is used unintentionally to tune 
out the device output capacitance, but 
since Ihe effective Coss varies within the 
RF cycle, total compensation can hardly 
be achieved. Thus, in practical amplifier 
circuits of this type, there is a tradeoff be 
tween efficiency and bandwidth, which 
also applies to Classes B and C. 


Conclusion 
Commercial Class D and E transmitters 
up to 1 kW and 10 to 15 MHz are on the 
market. The author demonstrated a 1 kW. 
10 MHz amplifier in 1981 (11),which was 
later evaluated by the National Bureau of 
Standards. Other designs since then in 
clude an 800 W amplifier at 13.54 MHz 
with four MRF150 FETs, a 100W unit for 
25 to 50 MHz operating at 12 volts and a 
2 kW, 50 volt system (Fig. 8) which did 
not function as expected at frequencies 
above 15 MHz. The main problem was in 
creasing inductance in the power FET 
drain connections to the output trans 
former. The component physical size un 
doubtedly places a limit for high power 
designs of this type, unless multidimen 
sional 
constructions 
can 
be 
made 
feasible. 
The importance of the physical layout 
must be emphasized, since it is the key 
to a properly operating system no matter 
how good the electrical design is. We 
must remember that we are dealing with 
frequency components of 100 MHz and 
higher in a 30 to 50 MHz carrier system. 


where even a nanosecond difference in 
delays between each side of a push-pull 
circuit drive signal will noticeably affect 
efficiency. 
Since high power Class D and E de 
signs up to 15 MHzwith efficiencies far 
exceeding those at Class B have been 
shown, the author feels that the frequency 
range can be extended to at least 30 MHz 
with proper physical design, leading to 
high efficiency linear and other appli 
cations. 
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Many designers of RF equipment 
with 
vacuum 
tubes or 
solid- 
state small signal equipment are not 
familiar with 
solid-state 
RF 
power 
design, and the importance of many 
aspects in developing the hardware. 
It 
is 
true 
that 
the 
same 
rules 
aoply in each case, but the physical 
construction of RF power circuits is 
much more critical due to the low 
input impedance levels involved. The 
importance of these aspects are fre 
quency, supply voltage and 
power 
level dependency. For a given supply 
voltage the 
input 
impedances 
are 
about equal for UHF at 10-15 watts. 
VHF 
at 
35-40 
watts 
and 
HF 
at 
around 
100 watts. This means that 
the 
impedance 
levels 
of 
properly 
selected devices for each application 
(except the output) are nearly equal, 
but the RF currents are a function of 
the 
power 
level. 
Thus, 
it 
can 
be 
deduced 
for 
example 
that 
equal 
emitter inductances, in common emit 
ter operation, 
can 
be 
tolerated 
in 
each case. 


Selecting The Device 


RF 
power transistors 
are 
being 
made 
for 
three 
basic 
supply 
volt 
ages: 12.5V (12-15.5V) for land mobile 
and marine applications: 28V (24-32V) 
and 50V (40-50V) for aircraft, military 
and base stations. The high voltage 
devices have higher collector resistivities 
than the ones designed for low volt 
age operation, and the emitter ballast 
resistors 
have 
higher 
values. 
De 
vices designed for high voltage opera 
tion can be used at lower voltages, 
but not vice-versa. This would result 
in saturation at 
a lower power level 
than normal, but will give a rugged 
design. An example of this is a high 
level AM modulated amplifier, where 
the breakdown voltages must be high 
enough not to 
be exceeded by the 
modulation peaks. 
UHF devices have a thinner epitaxial 
layer than 
parts designed 
for VHF 
and the same is true 
from VHF to 
HF. The 
higher 
frequency 
devices 
also use much finer geometries than 
the lower frequency devices, resulting 
in higher fT and higher power gain. 
It is 
not recommended 
in general, 
that 
a 
UHF or VHF device be used 
at HF frequencies, except at reduced 
supply voltages and reduced power 
levels. Even then, stability problems 
may 
be 
encountered 
due 
to 
the 
high power gain. A 2N3866 is a popular 
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Good RF Construction 
Practices and 
Techniques 


Reproduced with permission from September/October 1980 RF Design 


Categories considered include Device Selection; 
Emitter Inductance; Amplifier Instability; Single, 
Parallel or Push-Pull Configurations and Thermal 
Design. 


low 
level 
driver 
at 
HF, 
but 
some 
power gain must be sacrificed 
by 
heavy emitter feedback. Going the 
opposite wav, HF devices are often 
used at VHF and VHF devices at UHF 
in 
applications 
where 
a 
low 
gain 
stage (3-6 dBl is required. Most newer 
RF 
power transistors are 
specified 
to withstand infinite load mismatches 
under a variety of operating conditions. 
However, this is 
providing that the 
maximum total dissipation rating is 
not exceeded. This 
can 
happen 
if 
the device goes into self oscillation, 
usually a circuit 
oriented 
problem. 
The 
total 
dissipation 
is 
specified 
under RF conditions, and does not 
mean 
that 
the 
device 
can 
be 
DC 
biased up to that 
point 
at 
the op 
erating voltage, although some devices 
could survive it. All transistors can 
be used for linear operation providing 
the power output is kept low to avoid 
the saturation Knee. Devices specified 
for linear operation employ a much 
larger die for this reason, and have 
been specially processed to improve 
the linearity of the transfer curve. 
Other important factors to consider 
are 
the 
input 
Q 
and 
matching of 
devices for push-pull or parallel sys 
tems. The 
input 
Q 
determines the 
broadband performance of the device, 
especially at the higher frequencies. 
For broadband application a low Q de 
vice should 
be 
selected. The 
Q 
is 
primarily determined by the ratio of 
the reactive and resistive components 
(Xg/Rs). 
The 
output 
Q 
is 
usually 
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much lower and is not the limiting 
factor in most cases. Device match 
ing should be done on 
power gain 
for class B and C, and in addition 
on 
hFE and 
VBE 
forward 
voltage 
for class A and AB. The power gain 
follows the hFE to a great extent as 
long as the device is not saturated, 
and in most instances, at lower fre 
quencies 10-15 percent hcg matching 
is considered sufficient. 


The Emitter Inductance 


For simplicity we will only discuss 
the common emitter amplifier configura 
tion. It should be realized that in a 
common base circuit, the base in 
ductance is equally critical. To ob 
tain the maximum power gain of 
a 
given 
device, 
the 
emitter-to-ground 
inductance must be kept as small as 
possible. This inductance outside the 
transistor, consists of the transistor 
lead inductance to 
ground and the 
impedance of the circuit board ground 
plane. In most good designs 
it is 
necessary to employ a double-sided 
circuit 
board 
where 
a 
continuous 
ground 
plane 
is 
provided 
at 
the 
bottom 
side of 
the 
board. This 
is 
electrically accessible by feed-through 
eyelets or plated-through holes around 
the transistor mount opening, near 
the 
emitter 
area. 
For 
even 
better 
performance, 
the 
transistor 
mount 
opening in the board can be wrapped 
around 
with 
straps 
of 
metal 
foil, 
connecting areas on the top of the 


board to the ground plane. To minimize 
the lead inductance, the transistor 
mount opening in the circuit board, 
which 
is 
necessary 
to 
allow 
the 
device 
to 
be 
attached 
to 
a 
heat 
sink, 
should 
not 
be 
made 
larger 
than necessary for a given package 
type. If the lead inductance is con 
verted to reactance at the frequency 
of operation, its effect can be com 
pared 
to 
that 
of 
an 
equal 
value 
resistance between the emitter and 
ground. This will allow us to calculate 
the actual gain loss in each case. 
The transistor wire bond and lead 
frame inductance are fixed parameters, 
and can only be changed by select 
ing 
a 
device 
in 
the 
physically 
smallest 
package that will do 
the 
job. Sometimes the same transistor 
die is available in various package 
styles such 
as the 
standard 
.380 
SOE,' .500 SOE, or plastic TO-220. 
For a given die, it would be possible 
to 
obtain the highest 
power gain 
out of the .380 style since the internal 
package inductance is lower than in 
the two other cases. Also, the stud- 
mounted packages, although not as 
good 
thermally as 
a 
flange 
type, 
allows closer access to the ground 
plane, since openings for the flange 
ears 
in 
the 
circuit 
board 
are 
not 
required. 
In a 
push-pull 
configuration 
the 
emitter-to-ground inductance becomes 
non-important, 
and 
this 
path 
only 
provides the OC supply to the devices. 
Analyzing 
the 
push-pull 
operation 
reveals that the RF current is 
now 
flowing from emitter to emitter. For 
this reason, the devices should be 
physically mounted as close to each, 
other as possible. If this cannot be 
done 
due 
to 
an 
existing 
circuit 
layout or other reasons, some im 
provement can be obtained by connect 
ing all the emitters together with a 
wide metal strip over the transistor 
caps. 
With 
flange-mounted 
parts, 
each emitter can be connected to 
the flange using solder lugs or wire 
loops under the mounting screws, 
enabling the heat sink to provide a 
low inductance connection between 
the emitters. For push-pull operation 
at UHF, special eight lead packages 
have been developed, where the two 
transistor die are attached next to 
each other, thus limiting the emitter 
to emitter inductance to that of the 
bonding wires. This is probably the 
only practical approach to UHF push- 
pull 
techniques 
at 
higher 
power 
levels. 


Amplifier Instability 


There 
are 
many 
reasons 
for 
an 
amplifier stage to reacn conditions 


'Stripline Opposed Emitter 


AR164 


of instability. Sometimes it is device 
oriented, depending upon the amount 
of feedback capacitance compared to 
the 
electrical 
size 
of 
the 
device, 
and the phase angle of the feedback. 
Somewhere higher than the operating 
frequency the feedback phase angle 
will be 360*. and if the device FT is 
high 
enough, it will oscillate. The 
oscillations may occur only at reduced 
drive levels or reduced supply voltage. 
In 
most cases 
it 
can 
be remedied 
by 
lowering 
the 
Q 
ol 
the 
input 
circuit 
or 
making 
the 
tank 
circuit 
Q higher. 
The so called half 
Fo instability 
is fairly common with VHF and UHF 
amplifiers. It is more or less device 
oriented and is caused by a varactor 
effect in the base-collector junction 
diode or a combination of it and the 
base-emitter junction diode. The half 
F0 usually occurs at reduced supply 
voltages in 12.5V systems, at some 
specific drive level, which indicates 
that when the diode DC bias is 
re 
duced, the junction capacitance will 
be increased, and 
the 
RF 
voltage 
swing will drive it into a parametric 
mode. The amplitude of the half F0 
can be reduced or sometimes totally 
eliminated by narrowing the system 
bandwidth. 
Another 
possible 
cure 
for 
both 
problems above is de-Q'ing the base 
bias choke (Class B. C). This can be 
done 
with 
a 
high 
\x ferrite 
bead 
in line with the choke or an external 
low value resistor in parallel with it. 
Low frequency instability is probably 
the most troublesome mode of self- 
oscillation. It usually occurs at audio 
frequencies or VLF, where the device 
has extremely high power gain. Since 
its oscillation is broadband in nature, 
it results in high collector currents, 
and often the device is destroyed 
by overdissipation. Causes 
for the 
low frequency instability are usually 
inadequate 
collector 
DC 
feed 
by 
passing or an extremely poor ground 
in that area. Two or three RF chokes 
together with various values of by 
pass capacitors from 1000 pF to several 
mF may be required in the DC line 
to-stabilize the circuit. (See examples 
in Reference 1.) 
Negative feedback through an RLC 
network 
from 
the 
collector to 
the 
base will reduce the device gain at 
low frequencies, and is found to be 
helpful on many occasions. The above 
modes of instability can be present 
when the amplifier is operated into a 
proper load. In addition, instabilities 
usually occur when operated into a 
mismatched 
or 
reactive 
load. 
The 
general rule is: The Higher the stage 
gam. 
the 
less 
stable 
it 
can 
be 
under these conditions. This naturally 
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assumes, that the amplifier is 
not 
unstable for reasons discussed earlier. 
A 
reactive load 
can 
be present 
in 
the form of a low-pass filter, and if 
not 
properly 
designed, 
will 
cause 
amplifier instabilities. A good solution 
to analyze the stability is presented 
in Reference 2. An amplifier can be 
tested 
for 
stability 
using 
a 
load 
mismatch simulator. (Figure 1). 
L 
and 
C 
values 
will 
of 
course 
depend on the frequency of opera 
tion. Typically C, 
and C2 are equal 
and 
Li has twice the value of 
L2. 
The 
circuit 
should 
have 
a 
point, 
which 
presents 
a 
complete 
short 
and a complete open circuit and all 
phase angles between, which can be 
verified 
using 
a vector impedance 
meter. Attenuators can be connected 
between the simulator and the amplifier 
to 
limit 
the 
maximum 
mismatch. 
For 
example: 
A 
3 
dB 
attenuator 
would 
represent 
6 
dB 
return 
loss, 
limiting the VSWR to 3:1. Similarly 
a 2 dB attenuator would give about 
4.5:1 
maximum 
mismatch. 
A 
direc 
tional coupler and a spectrum analyzer 
can be used to monitor the amplifier 
behavior. Stability under a 3:1 mis 
match is usually considered sufficient 
for most purposes. 


Single-Ended, 
Parallel or Push-Pull 


Each of the above configurations 
has 
its 
own 
application 
with 
re 
gards to frequency spectrum, band 
width 
and 
power 
level. 
A 
single- 
ended narrow-band amplifier design 
usually produces optimum performance 
of 
the 
device. 
These 
circuits 
are 
employed when power gain or other 
information is compiled for a device 
data 
sheet, 
or 
if 
an 
amplifier 
for 
single frequency operation is required. 
Lump constant 
matching networks 
can be used up 
to about 200 
MHz 
and stripline designs are common at 
150 
MHz 
and 
up, and 
in 
fact 
are 
the most practical design concepts 
at UHF and microwave. With proper 
techniques, it is possible to achieve 
bandwidths of one octave or more. 
Tapered line or step line approach, 
where 
the 
line 
impedance 
varies 
exponentially per unit length, or a 
number 
of 
quarter 
wave 
lines 
in 
series, having various characteristic 
impedances, is widely used for this 
purpose. A disadvantage is that the 
physical layouts become rather bulky 
at frequencies below 500 
MHz, un 
less substrate material with a high 
dielectric constant is used. (Reference 
3.) 
At 
lower frequencies, 
up 
to 
100 
MHz. broadband transformer matching 


techniques are only practical at 40- 
50W 
power levels at 
12.5V or 90- 
100W levels at 
higher supply volt 
ages. The low impedance levels and 
the high RF currents involved, make 
it 
difficult 
to 
adequately 
by-pass 
the transformer ground returns. 
Between 100 and 200 MHz. broad 
band designs are difficult to imple 
ment. Lumped constant matching net 
works 
can 
be 
used, 
but 
since 
several 
sections 
in 
the 
input 
and 
output are required, production re- 
peatibility may be poor. The etched 
air line inductors described 
in 
Ref 
erence 4 may be the best solution 
to this problem. 
In 
the 
past 
it 
was 
considered 
poor 
practice 
to 
directly 
parallel 
transistors in order to obtain higher 
power levels. This was mainly be 
cause 
of 
uneven 
current 
sharing 
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Figure 1. 


between tne devices, which usually 
led to thermal runaway and destruc 
tion of one device. 
However, most 
RF power transistors are now emitter 
ballasted with 
a 
built-in resistor for 
each 
emitter 
site. 
This 
minimizes 
the problem, but it 
is 
also difficult 
to 
design 
low 
loss 
matching 
net 
works 
for 
the 
reduced 
input 
and 
output impedance levels. Thus, the 
direct 
paralleling 
of 
transistors 
is 
not recommended in general. Parallel 
ing 
may be 
done in such manner. 
that the input and output impedance 
of 
each 
unit 
are 
first 
transformed 
to some intermediate level or directly 
to 
100 
ohms, 
where 
the 
inputs 
and outputs are then paralleled. The 
best way to generate higher power 
levels with low power transistors is 
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to 
use 
50 
ohm 
in-out 
"building 
blocks' of 
which any number can 
be combined by in-phase. quadrature 
or hybrid couplers. (References 5. 5. 7. 
8.) This also provides isolation be 
tween the individual amplifier units. 
Push-pull configuration has several 
advantages 
over 
single-ended 
am 
plifiers: 
1. Even harmonic suopression. 


2. Easier input-output matching due 
to higher impedance levels. 


3. Emitter grounding and collector 
DC feed by-passing less critical. 


4. Automatically combines the powers 
of two devices. 


A 
push-pull 
circuit 
can 
be 
de 
signed 
as 
a 
narrow-band 
system 
using lumped constant elements, or 
using stripline techniques at 
higher 
frequencies. These circuits are rather 
critical however, and require extreme 
symmetry between each side. A broad 
band circuit, using RF transformers 
is much more 
tolerable 
in 
this 
re 
spect due to the tight couoling pos 
sible between the transformer wind 
ings. Push-pull circuits of this type 
have been designed up to 150 MHz 
or higher, depending on the power 
level and supply voltage. With proper 
transformer design, 
several 
octave 
bandwidths can be achieved. Other 
means of designing push-pull circuits 
include: a) A quarter-wave balun to 
provide the unbalanced to balanced 
function and 180* phase shift for two 
single-ended amplifiers, b) Two single- 
ended amplifiers, of which one is fed 
directly, while the other one is fed 
through a delay line, providing a 180° 
lag 
in 
phase 
at 
the 
frequency 
of 
interest. The same must be done at 
the output. 
Quarter-wave 
lines 
are 
commonly used for this purpose. Both 
a) and b) operate only within a narrow 
bandwidth, 
since the 
phase 
angle 
varies with frequency. The latter method 
is especially adaptable to UHF and 
higher frequencies, where the lines 
will be of moderate length, a) and b) 
also differ from conventional push- 
pull 
designs, discussed 
earlier, 
in 
that the phase shifting is done at the 
50 ohm impedance levels rather than 
at the base and collector directly. 
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Thermal Considerations 


On the reliability viewpoint 
it 
is 
important 
that 
the 
transistor 
die 
temperature is kept below a certain 
limit. This varies slightly 
with 
dif 
ferent geometries, but 160-165°C is 
usually considered the maximum rec 
ommended. Take the MRF422 as an 
example, which has a junction-to-case 
thermal resistance (Rhjc) of 0.6"C/W. 
If the transistor is operated at 150W 
dissipation, 
the 
case 
temperature 
should not exceed: (Tj - (PDRejc) = 
165 - (150X0.6) = 75°C. The R0JC num 
ber published in data sheets is an 
average, and actually varies with power 
dissipation (Reference 9). Considering 
the thermal 
resistance of 
the 
heat 
sink, which most manufacturers specify 
as 
from 
the 
mounting 
surface 
to 
ambient, 
but 
do 
not 
specify 
the 
mounting suface area, the heat sink 
ambient temperature must 
be con 
siderably 
cooler 
than 
75 °C. 
Thus, 
the 
Rqjc 
of 
a 
heat 
sink 
actually 
depends on the transistor package 
style. An aluminum heat sink with 
surface thickness of 0.25" was tested. 
Its temperature was measured three 
inches from the transistor, which was 
mounted directly on the surface. The 
temperature was kept at 
25*C with 
forced 
air 
cooling. With the 150W 
dissipation the transistor case tem 
perature rose to 72'C. The case to 
ambient temperature then is: 


72-25 


150 
= 0.31 °C/W. 


The die temperature is Tj - 
(Tc - 
TC') = 165 - 
(75 - 
721 = 162'C.The 
same measurement was done using a 
copper block of 2" 
x 
2" 
x 0.125" 
as a heat spreader under the transistor. 
The case temperature was measured 
at 58°C, and the thermal resistance 
decreased to (58 - 
25V150 = 0.22'C.W, 
and the die temperature was lowered 
to 
148°C. The 150W dissipation is 
hardly realistic under normal operating 
conditions, but can be reached during 
a load mismatch. Regarding the above 
data, more attention should be paid 
to 
the 
heat 
sink 
material 
and 
not 
only its size. 
Q 


Since their introduction in the 
mid-70s, power mosfets have 
found major use in switching power 
supplies and in motor control cir 
cuits. More recently, however, they 
are being considered more and more 
for use as RF power amplifiers be 
cause they offer certain advantages 
over bipolar transistors. These 
advantages 
include 
higher 
input 
impedance (in all circuit configura 
tions), gtiin control by varying the 
DC gate voltage bias, and immunity 
to thermal runaway. They do have 
some disadvantages, though 
— 
probably the biggest is their higher 
cost. Other disadvantages of mos 
fets 
include 
a 
higher saturation 
voltage than bipolars and their sus 
ceptibility to gate punch-through. 


RF and switching MOSFETs differ 
Power mosfets made for RF ap 
plications differ 
in 
a 
number of 
ways from those made for switch 
ing applications. For example, RF 
power mosfets usually have much 
finer die geometries than switching 
mosfets. Also, their die metalliza 
tion pattern is divided into a num 
ber of segments, with each segment 
having separate gate and source 
bonding wires. This reduces wire 
bonding inductances and lowers the 
mos capacitances within the die, 


RF power 
MOSFETs 


While switching type 
MOSFETs gather all the 
acclaim, RF types are 
quietly starting to find 
their niche 
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greatly increasing their operating 
frequency capabilities. 
RF power MOSFETs are generally 
n-channel, 
enhancement-mode 
de 
vices, which means that the drain 
is positive with respect to the source 
and the gate must be biased to a 
positive voltage with respect to the 
source for drain-source current to 
flow. Some other RF devices, such 
as GaAs fets, are depletion-mode 
devices and must be turned off by a 
negative bias like electron tubes. 
While 
most designers are very 
familiar 
with 
bipolar 
transistor 
parameters, this isn't so for power 
mosfet types. The table, "Compari 
son of bipolar and power MOSFET 
DC parameters," explains the vari 
ous mosfet parameters and their 
importance to the designer, and re 
lates them to bipolar parameters. 
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One important dc parameter not 
listed in the table is thermal sta 
bility. A MOSFET is almost always 
biased to some level of idle current, 
while the bipolar must be biased for 
linear operation. The forward volt 
age 
variations 
in 
a 
base-emitter 
junction are 1 to 2 mV/°C, and al 
ways have a negative temperature 
coefficient. 
Gate threshold 
voltage 
must be measured against a con 
stant drain current and also has a 
negative coefficient at low current 
levels. However, the material bulk 
resistance of an fet has a positive 
coefficient, which becomes dominant 
at higher current levels. Thus, an 
fet's gFS goes down as temperature 
goes up. 


Stabilizing RF transistors 
Looking at bipolar collector and 
mosfet drain currents versus tem 
perature at constant base and gate 
voltages 
(Fig. 2), it can be seen 
that the bipolar transistor has a 
negative coefficient up to high cur 
rent 
levels but the fet "turns 
around" before the device dissipa 
tion rating is exceeded. Since these 
parameters are hFE, gF8, and cur 
rent dependent, it is not easy to pro 
vide temperature stabilization for 
biased devices. For the bipolars, a 
forward-biased diode with suitable 
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where the configuration is mostly 
push-pull, ferrite broadband trans 
formers 
or 
lumped-constant 
bal 
anced Lc transformers can be used 
depending 
on 
the 
exact 
require 
ments. 
Amplifier 
circuit 
configurations 
such as common base (bipolar) and 
common drain 
(mosfet) 
are also 
possible and practical. The common 
base circuit may be useful where 
more constant input impedance-ver- 
sus-frequency or wider gain control 
range with gate voltage is required. 
The "mosfets common drain cir 
cuit configuration represents an 
emitter follower in bipolar circuits. 
Its specific merits are exceptional 
stability 
and 
linearity. 
However, 
these are attained at the cost of 
low power gain and at the danger 
of exceeding the V,. 


A mosfet source follower cannot 
be 
considered 
as 
having current 
gain like an emitter follower. Rather, 
the amplification is achieved through 
impedance 
transformation. 
Note 
that the fet gate, which consists 
mostly of MOS capacitance, normal 
ly presents a high Q input to any 
matching network. This will impair 
the broadband performance and 
stability of the amplifier unless the 
Q is lowered by artificial means. A 
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Fig. 1. Unity gain Irequency versus Ic or lo. Curve (a) represents a 150-W RF 
power MOSFET. Curve (c) is a bipolar having the same basic die geometry. 
Curve(b) is a standard switching power MOSFET with approximatelyequal 
gate periphery tor comparison purposes. 


characteristics kept at or near the 
transistor case temperature is usu 
ally considered a sufficient bias volt 
age source. In mosfets the required 
voltage can vary by several volts 
and the rate of change can be sev 
eral times that of a bipolar at low 
drain currents. Thus, the fets re 
quire more sophisticated methods 
for 
their 
temperature 
compensa 
tion. 
Resistor-thermistor combina 
tions, together with regulators or 
op 
amps, 
are 
typical of these 
methods. 
Despite the power MOSFET's pa 
rameter and cost-related draw 
backs, its advantages still make it 
the choice over bipolars in certain 
applications. At VHF and UHF, the 
high gate-input impedance and the 
high 
power 
gain of the 
mosfet 
make it possible to 
design broad 
band amplifiers with simpler input 
matching networks. Since the gate- 
source impedance remains capaci 
tive to much higher frequencies, it 
makes internal matching networks 
unnecessary at least up to VHF even 
for devices of 100 to 150 W power 
ratings. 
On 
the other hand, VHF 
bipolar transistors with power rat 
ings of 50 W and higher commonly 
employ internal matching networks, 
which means that the first section 


of the total network is built inside 
the device 
to transform the 
die 
impedance up to practical levels. 
In general, at frequencies below 
vhf, the input and output matching 
for 
power FETs and 
bipolars are 
very similar. Only the network ele 
ment values differ in most cases. At 
high 
frequency 
(2 
to 
90 
MHz), 
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Fig. 2. Collector and drain idle current versus temperature at constant base 
or gate voltages, (a) and (c) represent a bipolar device at collector currents 
of 100 mA and 10 A respectively, (b) and (d) is a power MOSFET at drain 
currents of 100 mA and 10 A respectively. 
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gate shunt resistor, which can be 
part of the biasing circuit, serves 
this purpose. 
A more sophisticated method of 
achieving 
broadband 
performance 
and stability is to employ negative 
feedback, which can 
be easily im 
plemented only in the common 
source configuration. The feedback 
can be brought to the gate through 
an RLC network which, in combina 
tion with the shunt resistor, allows 
easier tailoring of the gain slope. 
In each case some power gain will 
be sacrificed, but this can be mini 
mized at the high frequency end of 
the band (where the power gain is 
the lowest to begin with) by proper 
choice of component values in the 
feedback network. 
The fet gate should never be con 
nected to only inductive reactances 
in an attempt to use the inductance 
to control the gate Q. The C,ss is 
highly drain-source voltage depend 
ent and under certain conditions the 
total Q may be high enough to allow 
transients to exceed the Vf, thereby 
causing instant device failure. 


Compare linearity and noise 
It's commonly believed that power 
mosfets have more linear transfer 
characteristics than bipolars. This 
is only true if the fet is operated 
at a reduced power level and high 
bias (near or in class A). Based on 
two-tone linearity tests, the low or 
der distortion products (3rd, 5th and 
7th) fall faster with mosfets than 
with bipolars at reduced amplifier 
power 
outputs. 
However, 
FCC 
specifications are 
relaxed 
on 
low 
order distortion 
31 dB below the 
transmitter peak power — a figure 
easy to achieve with both types of 
transistors. It's when it comes to 
high-order distortion — 
9th order 
and up — that mosfets are superior 
to bipolars (see Fig. 3). 
High-order distortion causes dis 
turbances to adjacent communica 
tion 
channels, 
whereas 
low-order 
distortion only relates to the qual 
ity of the modulation. High-order 
distortion results from phase non- 
linearities between the input and 
output, from amplitude nonlineari 
ties at low drive levels, and from 
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Comparison of bipolar 
and power MOSFET DC parameters 


"Equivalent'' Parameters 


Bipolar 
MOSFET 
Description 


BVcio 
BVoso 
Not specified or measurable withMOSFETs. In case of lowgate-source 
leakage, the gate can chargeto voltages exceeding the punch-through. 


BVcs 
BVoss 
Normal method of measuring the MOSFET breakdown voltage. It refers 
to the maximum drainto sourcevoltagethe FET is allowed withthe gate 
OC biased or in the same potential as the source. 


BVcw 
BVko 
Notspecified or measurablewith MOSFETs. Gate-sourcerupturevoltage 
wouldbe exceeded in case of any drain-source leakage present. 


BV(,o 
Vg 
Not specified or measurable withMOSFETs unlessdonecarefully at low 
currentlevels. Gaterupturecan be compared to exceeding a capacitor's 
maximumvoltage rating. 


(forward) 
Vg(th) 
Not specfied or necessary inmostcases for BPTs. Fora MOSFET. this 
parameter deteimines the turn-on gate voltage and must be known for 
biasing the device. 


Ices 
loss 
Drain-source leakage cuirentwithgate shortedto source. BPT and FET 
parameters equaland normally onlyrefer to wasted DC power and re 
liability. 


IttO 
1,. 
Normally notgiven in BPT data sheets, but important for MOSFETs for 
biasing purposes. Both affect their associated device's long term 
reliability. 


VcilSl" 
VrjScSATl 


or 
Rol:0-. 


Not usually given in BPT data sheets but important incertainapplica 
tions. With power MOSFETs this parameter is of mainimportance. The 
numbers areassumably higher thanwithBPTs. andare material anddie 
geometry dependent. 


hr. 
Q<s 
These are parameters for low frequency current and voltage gain, 
respectively. Ina MOSFET the g.s is morean indication ofdevice elec 
trical size and to a certain extent depends on processing. 


fr 
(U 
Unity current or voltage gain frequency. Not given in many of the BPT 
or MOSFET data sheets.Thefigure can be two to livetimeshigher for 
the MOSFET for an equivalent basic geometry and electrical size (see 
Fig. 1). The figure of merit ofa MOSFET is usually considered as the 
ratio of the gate-source capacitance to the G>s. but other parameters 
such as the Rds (on)have someeffecton the figureof merit. 


G.( 
G.s 
Power gainin common emitter or common source configuration. This 
parameter is equal forboth types ofdevices, except normally regarded 
as current gain for the BPT and voltage gain for the FET. At lower 
frequencies, where the FET gainis extremely high, the number may be 
merely an indication of how much stable anduseable gain is available. 


Cr, 
Css 
Baseto emitter or gate to sourcecapacitance. Rarely given for BPTs. 
InRF power FETs the C.ss hasa largereffectonthe gate-source imped 
ance. In fact. If stray inductances from the die metal pattern, wire 
bonds, and package were absent, the gate impedance would be a pure 
capacitive reactance. TheCss consists mostlyof die MOS capacitance, 
whereas the Cn of BPT is a combination of MOS and diode junction 
capacitance. Since the diode(s) are forward biased during one half 
cycle andreverse biased during the other, it is obvious that the base 
impedance is largely drive level dependent. 


Co. 
Coss 
Collector to emitter or drain to source capacitance. Both are usually 
specified andareapproximately equal invalue fora given device rating 
and voltage Both are combinations of MOS and diode capacitances. 
Each elfectthedeviceefficiency sincethis capacitancemustbe charged 
and discharged at the rate of the operating frequency. 
c. 
C«JS 
Collector to base or drain to gate capacitance. Rarely specified for 
BPTs. Normally referred to as the feedbackcapacitance and very im 
portant for MOSFETs considering their lower gate-source capacitance 
and superior highfrequency performance. At lowfrequencies C>ss pro 
videsa 180° out of phase feedbackto the gate, but can turn to positive 
feedback at high frequencies depending on stray inductances and the 
C.ss. The results will be noticedas parasitic oscillations,unless C.« is 
low or the resonances fall outside the device's frequency capabilities. 
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Fig. 3. Typical intermodulation distortion for a bipolar RF transistor (a) and 
for an RF power MOSFET (b). For the bipolar transistor, distortion products 
are visible up to the 15thorder:forthe MOSFET, 9thorderand higher products 
are down in the noise. 


(b) 


nonlinear feedback. Most of the 
nonlinear phase and amplitude feed 
back 
in the bipolars 
is delivered 
through the emitters, which are 
coupled to the collectors through di 
odes and 
MOS capacitance. The 
emitter ballast resistors, although 
very 
low 
in 
value, 
allow enough 
feedback to the emitters to cause 
distortion. 
These 
ballast resistors 
in 
FETs are unnecessary, and 
the 
source is directly grounded. Thus, 
high-order distortion 
in 
a 
mosfet 
is only possible through the C,.ss. 
which is very, very low. 
Much like the high-order distor 
tion in ssb communications, the 
broadband noise generated in any 
transmitter causes adjacent chan 
nel 
interference. The noise can be 
generated by the signal source, mix 
ers, or any stage in the amplifier 
chain. The noise generated 
in the 
low level stages is amplified in all 
succeeding stages, and 
is of most 
concern. In linear amplifiers, where 
all stages are biased, the biascurrent 
alone can generate sufficient noise 
to 
block 
a 
nearby 
receiver. 
Both 
MOSFETs and bipolars generate ther 
mal noise, 
which comes from 
the 
moving electrons. In addition, the 
forward-biased 
diodeCsi 
in 
bipo 
lars generate white noise, which is 
not 
present 
in 
mosfets. The two 
types of noise is usually meas 
ured together, and since a bipolar 


typically has about three times 
higher noise figure than a compar 
able FET, it appears that a majority 
of the noise generated comes from 
the base-emitter junction. 
When 
higher current 
levels or 
higher amplifier power outputs 
are required than one semiconduc 
tor device can provide, parallel 
ing devices is often the first thing 
that comes to mind. 
Bipolars are 
often paralleled at dc and low fre 
quencies, where their balance can 
be assured with external ballast re 
sistors. At RF, however, this tech 
nique can not 
be 
used 
due 
to 
excessive losses in power gain. In 
stead the devices must 
be closely 
matched. At VHF and 
UHF, where 
the base impedance is very low and 
mostly inductive in reactance, added 


Fig. 4. In this experimental RF MOS 
FET four die are connected in paral 
lel. Chip-type silicon gate resistors 
are located at the center. 


MOTOROLA RF DEVICE DATA 


7-308 


inductance in the form of the inter 
connections would make the design 
of matching networks difficult. So. 
in practical designs, the low imped 
ance of each device is transformed 
to a higher level, 
before the point 
where the parallel connection is 
made. 
The 
above 
problem 
is 
present 
with 
MOSFETS also, 
but 
they 
are 
more tolerant of gain mismatches 
because of the large amount of 
drain ballasting inherent 
in 
their 
structure. The MOSFET's higher, and 
capacitive. input impedance allows 
direct paralleling of higher power 
devices up to 150 to 200 MHz. How 
ever, a new problem arises when the 
MOSFETS are paralleled. When MOS 
FETs are paralleled directly, a mul 
tivibrator type oscillator is#formed, 
in 
which 
the 
feedback 
is 
derived 
through the C,tiis and the time con 
stant is the cross-coupled C,ss plus 
wire bond and interconnect induc 
tances in series. This may also 
occur when individual die are par 
alleled in the same package unless 
the Cirs 's lew and the resonances 
fall 
outside 
the 
device 
limits. 
A 
commonly used cure for these para 
sitic oscillations is to de-Q all gates 
with series resistors 
isee Fig. 4i 
but this lowers the frequency 
re 
sponse, making this technique im 
practical for 
truly high frequency 
applications. 
• 
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rf design feature 


New MOSFETs Simplify High 
Power RF Amplifier Design 


By H.O. Granberg 
Motorola Semiconductor Products Inc. 


Thereare many applications for high 
power solid state RF amplifiersin the 1 
to 120MHzrange. Past designs have con 
sisted of a 
number of 200-300 watt 
modules combined to produce power out 
puts in the multikilowatt level. Powercom 
binersandsplitters are expensiveanddif 
ficultto design forextremely wide band- 
widths, and al low frequencies are bulky 
as well.Itis alwaysdesirable to combine 
as few modules for a given power output 
as possible, although system cooling be 
comes more difficult with thermal energy 
concentrated in a smaller area. There is 
obviously a practical limit to the point 
where this philosophy is valid. 


Motorola has recently introduced high 
power 
MOSFETs 
MRF153 
and 
MRF154, which are rated for 300 watt and 
600 watt power output, respectively. A 600 
watt bipolar transistor (MRF430) is also in 
this family of RF power devices. The 
MRF154, which is the subject of this arti 
cle, is usable up to 100 MHz with a power 
gain of 8-10 dB. Special design tech 
niques result in a junction to ambient ther 
mal resistance as low as 0.13°C/w. The 
transistor housing is designed forconduc 
tion cooling, and has 1.4 square inch 
flange surface area. A mounting surface 
of high conductivity material such as cop 
per is recommended, since up to 900 
watts of power may be dissipated in each 
device. The heat dissipator itself can be 
forced air or liquid cooled. 
The 1 kW push-pull amplifier described 
here is designed to cover a frequency 
range of 10to 90 MHz. Its applications in 
clude military communications, jammer, 
low channel TV, etc. Although the point 
of saturation is well over 1000 watts, the 
amplifier was tested for linearity at 800 
watts. The available output transformer 


Figure 1. One kilowatt 10-90 MHz amplifier. ThetwoFETs, input andout 
putboards are mounted toacopper plate, which isthenattached tothe 
main heat sink. 


impedance ratios (9:1 or 16:1) are the 
limiting factor: the 16:1 impedance ratio 
would be optimum at around 1500 watts 
poweroutput, but the 9:1was chosen in 
order to achieve a better overall CW effi 
ciency at the 1 kWlevel.In pulsed appli 
cations such as Nuclear Magnetic Reso 
nance, linear operation is possible up to 
1000 watts per device due to the lowaver 
age dissipation and lowered thermal lim 
its. In such case the output impedance 
matching can be modified accordingly. 


Circuit Description 
In contrast to a single ended amplifier 
circuit, in a push-pull configuration only 
the device mutual inductance (source to 
source in this case) is critical, and must 
be as low as possible for good high fre 
quency performance. The common mode 
inductance (from each source to ground) 
is less important, reducing the require 
ment for low inductance grounding be 
tween the input and the output circuits. 
Input and output sections of the circuit 
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board can be split and grounded only 
through metal spacers to the heat sink. 
The source of the MRF154 is internally 
connected to the mounting flange, which 
is also grounded to the heat sink. This 
provides a good, low inductance path be 
tween the two sources. The arrangement 
(Figure 1) results in a convenient and 
compact mechanical layout and makes 
the unit easily serviceable, since each 
board can be removed separately. 
In addition to the matching network, the 
input circuit board includes the FET bias 
regulator, making the bias current insensi 
tive to supply voltage variations. With the 
component values shown in Figure 2, ex 
cursions of 30 to 50 volts result in less 
than 1 percent changes in the bias cur 
rent. The regulator also provides a con 
venient point for connecting a thermistor 
for bias current temperature tracking pur 
poses. The thermistor must be of NTC 
type, and can be thermally connected to 
one of the FETs or to any central location 
at the heat sink, depending on the ther- 
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R1-R2 
IK Single turn trimpots 
R3 
10K Single turn tnmpot 
R4 
470/2W 
R5 
10 ohms 
Ra R12-R13 
2K 
m 
tOK 
R8 


S-10K) 
Thermistor. Keystone 
RL1009-5820-97-O1 or 
equivalent 
100 ohms/IW carbon 
KOI Pyrohtm PPR 870-150-3 
(20 ohms) 
Sea text 
INS357A or equivalent 
IN4148 or equivalent 


IC1 
MC1723(723) Vollago 
regulator 
Ci 
1000 pf Ceramic disc 
C2-C4 
01 
uF Ceramic disc 
CS. C9 
001 uF Ceramic chip 
tOK 
CO. CtO 0.1 uF Ceramic chip 
Exact vatuo dopends oo ther- 
C7-CB 
2 « 1500 pF Ceramic chips • 
minor R9 used (typically 
parallel 
Cll 
3 • 1000 pF Ceramic chips in 
parallel 
Ct2 
047 uF Ceramic chrp 
C13 
3 » 100 pF Ceramic chips in 
parallel 
C14 
5 >82 pF Ceramic chips m 
parallel 
R18 
See text 
LM2 
High impedance transmission 
linos, acting as inductors 2 7 
0203 
' 
IN4148 or equivalent 
nH each with C7 and CB in 


series 
Unless otherwise noted, ail resistorsare Vi watt metal filmtype. Allchip 
type 10C/200Bor TansitorMPR 2/7. case 2 series or equivalent. 


o+ 


L213 20nH, Connecting wins to 
R14 and RtS. 40 cm each 
«16AWC 
IIS 
10 uH turns #14 AWG 
enameled wire on Fsu-Rito 
Product Corp. lerrite ton>d 
#5961000401 or equivalent 
XI0(2 12 ohm transmission lines, 
electrical length 110 cm each 
See text 
T1-T2 16:1 and 9:1 impedance ratio 
RF transformers, respectively 
See text Ferrites: Fair-Rile 
Products Corp. pan 
»266702301 and 
»2667S40001 


capacitors are ATC 


Figure 2. Schematic of the 1 kW FET amplifier. The MRF154 is supplied in matched pairs for gra and gain. It 
is necessary to have gate bias voltages individually adjustable. 


mal time constant desired. The slope can 
be adjusted with R8, for which the exact 
value is determined by the FET gFS. The 
value shown typically results in bias cur 
rent tracking of less than 20 percent for 
25° to 75°C. The bias can be turned com 
pletely offby grounding R& However,this 
cannot be used for high speed switching 
of the amplifier due to.the limiting time 
constant of the FET input capacitances 
and the bias voltage source path. Since 
the bias voltages are individually adjust 
able with R1 and R2 in addition to a com 
mon adjustment R3, the FET gate thresh 
old voltages do not need to be matched. 
The power gain of an FET is mainly dictat 
ed by the gFS and not by the Vg(th). 
The bias setting procedure is as fol 
lows: 1) adjust R1 and R2 to minimum; 2) 
adjust R3 for a voltage higher than the de 
vice V.(th) at pin 3 of IC1.This should be 
typically 7-9 volts inorder toplacetheR1 
and R2 settings in the middle of the tun 
ing range; 3) measure current at 50 volt 
supply point; 4) with power supply con 
nected, advance R1 for desired current 
reading; 5) advance R2 until the current 
reading is doubled; 6) R1 and R2 need 
no adjustment after this, and the bias cur 
rents of both FETs can now be set with 
Ra During this operation (1-6) the input 


and output should be both terminated into 
SOohms with no RF drive applied. 
On the output side of the circuit board 
design, the DC paths must be able to han 
dle current levels of 50 amperes and 
more, and the maximum RF currents are 
in the order of 15 amperes RMS at the low 
impedance points. The DC current would 
require almost 104 mils2 for the conduc 
tor cross sectional area In free air, but 
since the conductor will be heat sunk to 
the circuit board surface, a number about 
one fourth of this is adequate. Even then, 
circuit board material with at least 2 
ounces of copper is required, and should 
be solder plated for added conductor 
thickness. In regards to the skin effect, a 
certain foilthickness is also necessary for 
the conductors carrying the RF currents. 
The skin depth at the high frequency end 
(90 MHz) is about 0.40 mils, and the foil 
thickness in the RF conducting paths 
should be at least five times that, or 2.0 
mils, according to a rule of thumb. Since 
the skin depth varies as an inverse func 
tion of the frequency, it is really only 
meaningful at high frequencies, where the 
dimensional conditions can be met. It is 
then desirable to have a conductor with 
a large surface area and a thickness that 
meets the minimum requirement. Normal 
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ly this will also be sufficient for low fre 
quencies, where the conductor losses 
become neariy purely resistive. 


Input-Output Impedance Matching 
Since the output impedance matching 
and transformer design are far more criti 
cal than the input side, they will be dis 
cussed first. According to (1)and (2) dips 
in transmission fine transformer response 
will occur when the physical line length 
reaches V* wavelength, if the 2^ differs 
from the optimum required value or ifthe 
terminating impedances are incorrect. 
These dips, which actually are changes 
in the transformer impedance characteris 
tics, have been noticed with 'A and 'As 
wavelength increments as well. Their 
magnitude also strongly relates to the 
amount of leakage inductance present, 
which has the same effect as an incorrect 
line impedance. Standard practice is to 
keep the line lengths as short as possi 
ble to reduce the IR losses, preferably 
shorter than Vbwavelength at the highest 
operating frequency. Although operation 
between the incremental frequencies is 
possible, the bandwidth would be limited 
to less than one octave. 
The effective line length varies with the 
transformer configuration. In a balanced 


4:1 as shown in Figure 3B, the two lines 
are electrically in series, making the effec 
tive line length twice the actual. Cascad 
ing these for16:1 impedance ratio further 
doubles the effective line length, making 
the total four times the length of one line. 
In a 9:1 impedance ratio transformer (Fig 
ure 3A) the two lines a and b are elec 
trically in parallel, making the effective 
line length equal to the length of one line. 
However, since a balun is required for the 
balanced 
to 
unbalanced 
function, 
its 
length must be added to the total. 
Inhigh power solid state RF amplifiers 
it is desirable to eliminate the need for out 
put DC blocking capacitors. Even if they 
are located at the 50 ohm points, they 
must be able to handle large RF currents 
(45A at 1 kW)and should be chip type to 
minimize the series inductance. This can 
be done either by replacing the typical 
autotransformer configuration with a de 
sign as in Figure 3C, or replacing the 
balun with a 1:1 isolating transformer 
(Figure 3Ad and 3Dh). A disadvantage 
with 3D is that an impractically low char 
acteristic impedance may be required for 
line h, but its high frequency performance 
is excellent due to the equal delay unbal 
anced 9:1 section. 
The design shown in Figure 3C is prob 
ably the most practical one foritssimplici 
tyand ease of manufacture. Itlends itself 
to high impedance ratios such as 16:1and 
up, which would be difficult to implement 
with other types. The impedance transfor 
mation is achieved by parallel connection 
of one conductor of the lines and series 
connection of the other. In principle it 
resembles the multifilar type transformers 
described in references (3) and (4), and 
must be considered a conventional (non- 
transmission line) transformer, although 
the low impedance line provides most of 
the coupling between the primary and 
secondary at high frequencies. The line 
impedance is not defined in the same 
manner as in transmission line transform 
ers, and is not as critical. For increased 
coupling and low IR losses it can be 
lowered to a point where the resonance 
of the line capacitance and the leakage 
inductance falls outside the highest fre 
quency of operation. 
As discussed earlier, the high frequen 
cy limitof an RF transformer is set by the 
physical length of the line or the winding 
on the high impedance side. Considering 
the 'hwavelength rule, mentioned in sev 
eral of the references, the maximum total 
line length at 90 MHz would be: 


*V„ = 
333 
x 0.63 = 26.2 cm. 
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Figure 3. Wideband RF transformer configurations for balanced to un 
balanced impedance matching at high powerlevels. Coaxial transmission 
lines are most convenient for compact physical designs. 


Low impedance side 


Figure 3E. Physical construction of RF transformers used in the 
amplifier. The electrical details are shown in Figure 3C. 


MOTOROLA RF DEVICE DATA 


7-311 


Where: Vp = velocity factor (063forlow 
impedance TFE co-axial cable). 
Figure 3E shows the amplifier fre 
quency versus power gain characteris 
tics, A witha 9:1 transmission lineoutput 
transformer, and C with a transformer 
shown in Rgure 3C. Bothwere designed 
to have equal line or winding lengths of 
16 ohm TFE insulated coax cable (Type 
CXN1848 W.L. Gore Co.), except forthe 
added 50 ohm balun in A. The balun and 
the higher leakage inductance resulting 
from the interconnections and the block 
ing capacitors in A possibly cause the 
slight roll-off at the high end. The type C 
transfonner was also tried with 50 ohm 
coax line, which resulted in a 0.8 dB gain 
reduction across the band, plus an addi 
tional 0.3 dB at the high end compared 
to the unit made with 16 ohm cable. This 
indicates that the IR losses in the cable 
with a smaller center conductor are dom 
inant over the line impedance. 


Both transformer types reached temp 
eratures of 80°C in a five minute CW test 
at the full power output, although type A 
had twice the ferrite cross sectional area. 
This leads us to determine that the ferrite 
dielectric losses are a problem in high 
power and high frequency applications 
such as this. Lowerpermeability material 
could be a solution, but larger cross sec 
tional area would be required, making it 
more difficult to meet the maximum tine 
length criteria. This could be a major 
problem and limitingfactor In designing 
wide band amplifiersofthis type, unless 
ferrite 
materials with 
lower dielectric 
losses can be developed. Itwould also be 
worth investigating how powdered iron 
material would behave in 
broadband 
power transformers, although suitable 
core shapes have not been available thus 
far. 
The input transformer used in this de 
sign is of similar type and design as the 
output unit,except havinga smaller phys 
ical size. The primarywindingis made of 
25 ohm miniature coax cable (Microdot 
260-4118). It must be able to handle less 
than 100watts of power,and its losses on 
lyaffectthe powergain, whereas the qual 
ity of the output transformer determines 
the overall system efficiency as well. 
The high values of the gate and drain 
capacitances of the FETs make both the 
input and output matching difficult for 
large bandwidths. The effect of the drain 
capacitance can especially be noticed at 
frequencies above 50 to 60 MHz in re 
duced efficiency. Partof this capacitance 
can be compensated for with small values 
of series inductance or stripline. The 
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Figure 4. Power gain versus frequency A and C without negative 
feedback. See text E with feedback, component values as shown in 
Figure 2. 
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stripline would be of extremely low char 
acteristic impedance, and probably prac 
tical only in the output where high RF cur 
rents are also involved. Using calculated 
and measured drain parameters to be 
matched into the 9:1 
transfonner and 
computer optimization, values as shown 
for 
X1 and X2 were obtained. As an 
etched line on a 62 mil G10 substrate, the 
line width is 0.7 inches. In practice the 
lines had to be folded into a form of U, but 
this allows part of the line to be conve 
niently shorted for adjustment purposes. 
The effect of the output lines can be no 
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ticed in increased efficiency at 90 MHz 
(6% to 8%), but at a cost of reduced 
power gain by approximately OS dB. 
Similarly, using the data sheet numbers 
converted to 
parallel form, 
indicated 
values for Input lines L1and L2 were ob 
tained. They are high impedance etched 
lines on similar G10 substrate. They act 
as inductors and their values are also ad 
justable by shorting part of the line or by 
moving the input transformer connection 
points. The values of L1and L2 will final 
lydepend on the amount of negative feed 
back necessary forthe desired gain slope. 


Although not adapted to this design, a 
dummy resistor (R16) can be used to 
make the input look more resistive and 
improve the input VSWR. A suitable 
amount of L in series with it, combined 
with negative feedback, is a common 
technique in applications requiring ex 
tremely large bandwidths. 


Gain Leveling with Negative 
Feedback 
The negative feedback term usually re 
fers to a conditionwhere part ofthe output 
power (voltage) isfedbacktotheInput out 
of phase. Out of phase generally means 
180° phase difference, although in prac 
tical systems the voltage fed back usual 
lylags the input voltage due to delays in 
the circuitry.Anyinductance in the feed 
back path causes a delay and a phase er 
ror,but seldom has effects large enough 
to cause Instability. Sometimes an amount 
of Inductance is intentionally included in 
the feedback circuit Inorder to prevent the 
feedback from affecting the high end. In 
most circuitconfigurations the phase shift 
is close to 180°between the Input and the 
output, in which case the feedback is 
easy to implement.Otherwisea phase re 
versing component, such as a transform 
er must be employed. 
Here the series inductances L3 and L4 
are limited to their minimum values of 
20-25 nH by the physical distance be 
tween the input and the output, although 
they can be controlled to a degree by 
varying the conductor diameter. Their 
reactances are about 8 ohms at the mid- 
band, where lower values would result in 
increased feedback and a flatter gain re 
sponse than shown in Figure 5. It must 
be noted that the reactances at 10 MHz 
may be also significant, and should be 
deducted from the values of R& to be 
calculated. 
In addition to gain reduction, negative 
feedback lowers the effective input im 
pedance. Ideally the amount of feedback 
voltage should be inversely proportional 
to the frequency in such amplitude that 
the gain would be reduced just the correct 
amount at all frequencies below the high 
end. This is not possible with simple feed 
back networks consisting only of Land R. 
Even with more sophisticated networks 
the feedback voltage source should be 
adjustable in some manner. Such a sys 
tem is described in (6), but due to the high 
frequencies and higher power level in 
volved it would be difficult to implement 
in this design. Here the feedback voltage 
is derived directly from the FET drains, 
which will limit the optimization of the 
system in this respect. 
The MRF154 data sheet shows a power 
gain of 22 dB for the device at 10 MHz, 
and a one to four difference in the gate 
input impedance from 10 to 90 MHz, or 
12 ohms and 3 ohms composite parallel, 
respectively, from gate to gate. The 22 dB 
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Figure 6. A simplified model of the 
negative feedback network can be 
used to figure the loop parameters 
with sufficient accuracy. 


can be considered typical, and can vary 
as much as 3 dB at 30 MHz. However, the 
devices are supplied in matched pairs for 
operation in push-pullsystems. The 22 dB 
translates to a power input of 65 watts for 
two devices at 1 kW output. Assuming a 
10 dB gain reduction, the power input 
then would be 65 watts. Since the device 
power gain is not affected by the feedback 
and part of the input power is cancelled 
by the feedback voltage, the difference 
power must be dissipated somewhere. 
Most of this occurs in the feedback resis 
tors, which also control the amount of 
feedback. 
A 16:1 impedance ratio input transform 
er was selected with an idea in mind that 
the feedback would bring the lowfrequen 
cy gate to gate impedance down to the 90 
MHz value (3 ohms). Because of the rea 
sons discussed ahead, the gain slope 
cannot be controlled, and since no loss of 
gain in the high end can be afforded the 
feedback is limited to an amount that re 
sults in a low VSWR at 10 MHz. The com 
puter analysis of the input matching men 
tioned earlier assumed a constant 3 ohm 


impedance, but this willdeviate consider 
ably at the mid-band. A computer pro 
gram with all these variables would be 
very complex, and since the system could 
not be totallyoptimized anyway it was de 
cided to discard the effort at this point. 
Since an FET is a voltage-controlled de 
vice, the feedback loop can be modeled 
at low frequencies or DC as shown in Fig 
ure 6, where: 
R1 - Transformer source impedance 
R2 = FET gate to gate impedance 
R3 = Feedback resistor. (Divided into 
two equal values in the 
amplifier.) 
V1 = input voltage 
V2 = FET gate to gate voltage 
V3 = Drain to drain output voltage 
across R4 


For a given level of power output, the 
values of R1, V2 and V3 will remain vir 
tually 
unchanged 
regardless of the 
amount of feedback. 
Itis assumed for simplification, that the 
value of R2 will be reduced by the feed 
back from 12 ohms to equal R1. Then: 
R1, R2 ° 3.12 ohms. 
V1 = 14.23 volts (-10 dB) 
V2 = 45 volts (22 dB) 
V3 = -74.2 volts (R4 = 55 ohms) 
(V2 + V3) 
R3 = ,„/ 
t»,t 
,t„%- R4 
/V1 - 
V2\ 
/V2\ 
I 
R1 
/"Ir2/ 


(4.5 + 74.2) 
/14.23-4.5\_/4.5\ 
V 
ai2 
/"\ai2/ 


-55 = 


78.7 
r=r - 
5.5 = 40.8 ohms 


or 20.4 ohms each. 


25 


30 


c 
o 
§35 
o 
1 


8.40 


00 
T3 
cf 


= 
45 


SO 


| 


Voo = 50 V. 
L_^«£: 
loo - ' 
F = 3 


l 
x 
OUU 
); 30.0( 


IDH. 
)1 MHz 
dt- 


d. 


- 
, 


9 
200 
400 
600 
800 
Power Output (watts, PEP) 
10110 


Figure 7. Intermodulation distortion versus power output of 1 kW amplifier. 
Output impedance matching is optimum only at 800 watts with the 
transformer impedance ratio employed. 
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Figure 8a. Component layout. 


The feedback resistors then must be 
able to dissipate 65-6.5 watts plus any 
excess power resulting from the non- 
optimum voltage source. In this case the 
dissipation is 78.7 x 1.70 = 133.8 watts, or 
66.9 watts per resistor. It is obvious that 
they must be of a type with a provision for 
heat sinking, and with low parasitic induc 
tance (8). 


Design and Construction Summary 
The amplifier performance, shown in 
Figures 5 and 7 can be affected by circuit 
parameters such as type of components, 
their values and exact locations. In this 
respect, it can be compared to a low 
power UHF design if the impedance 
levels are scaled down with frequency. 
Although the layout resembles that of a 
typical 2 to 30 MHz amplifier, consider 
able differences in the construction tech 
niques are essential to ensure proper op 
eration, especially at the high frequencies. 


AR176 


(Q) • SpKoiv (H*0ht 0i;S"l 


O 
-J-mKUelm. 


Q 
- Ltd through.„'-.'« or Dialedthroughr 


Figure 8(b). Underside of p.c. board. 


Due to the high gate capacitance (C,,J 
of the devices, the input matching is criti 
cal for good broadband performance. The 
values of L1 and L2, as well as the physi 
cal locations of T1 and C13. have a domi 
nant effect in the input VSWR. The above 
is also true concerning the output match 
ing, where these variables affect 
the 
power gain, efficiency, saturated power, 
and the IM distortion. Special attention 
must be paid to the location and quality 
of C14, which is essential to the amplifier 
operation above 50 MHz. Once all these 
criteria have been established, duplica 
tion of the system should not be a prob 
lem, although it is not possible to give 
physical details with sufficient accuracy 
in an article of this proportion to guarantee 
the exact results without minor adjust 
ments. 
The RF currents associated with the 
high power level and low impedances also 
introduce new problems to the designer 
in the form of passive components. The 
weakest link probably is the capacitors, 
which in certain locations must be com 
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posed of several paralleled smaller values 
in order to achieve the current carrying 
capability required and reduce the series 
inductance. Other limitations associated 
with the passive components have been 
discussed earlier. One of these is the cir 
cuit board itself, where the DC currents 
and the skin effect place a minimum limit 
to the foil thickness. 
The low impedance levels are not new 
to a solid state power designer, but their 
association with a kW power level in a 
single amplifier is unique at these fre 
quencies. This places new requirements 
on all passive components and presents 
challenges in thermal design. 
Finally, it must be pointed out that the 
component values given or the mechanical 
design may not be exactly optimum for the 
specific goals described. The intent was 
to make the circuit board layout, including 
the output section, as universal as possi 
ble to allow its use for designs with other 
devices and frequency ranges. 
S) 
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BUILDING PUSH-PULL, 
MULTIOCTAVE, VHF 
POWER AMPLIFIERS 
By choosing the right feedback network and wide 
band transformers, users will have a powerful amp. 
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All Rights Reserved. 
T 
Jk-wi; 
WIN FET packages are 
the heart ofaunique, push-pull 300- 
Wpower amplifier. With a50-V pow 
er supply, this broadband amplifier 
iseasy to implement, and has excel 
lent impedance-matching character 
isticsandlow DC-current levels. 
Applications include low-bandand 
VHF communications base stations, 
FM broadcast, low-band TV, and 
certain medical uses. For these uses, 
a frequency coverage of at least 10 
to 175 MHz is required. However, 
for a particular application, the re 
quired bandwidth can be narrowed 
for increased circuit efficiency. 
The development of high-power 
VHF/UHF power FETs make the 
amplifier possible. These FETs have 
recently become available in a push- 
pull package configuration—com 
monly called the Gemini. A push- 
pull Gemini package is a flange- 
mounted transistor header capable 
of accommodating two individual 
transistors—either FETs or bipo- 
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Transformer characteristics 


Frequency (MHz) 
RP (fl) 
Xp(fl) 


10 
1285 
+J30 


30 
1220 
*J58 


50 
1190 
*-J95 


100 
10 20 
+ J150 


175 
8 70 
. J9.60 


lars. One of the three transistor 
electrodes is connected to the nor 
mally grounded flange. 
On first observation, it seems that 
a push-pull header would not be as 
advantageous as separate headers 
for each transistor. Separate head 
ers provide better thermal distribu 
tion, improved circuit design and 
layout versatility, and higher pro 
duction yields. The result is lower 
cost per watt of output power. 
In addition, operating parameters 


1. Forthis high-power 
VHFamplifier, separate 
circuit boards are used 
lor Ihe input and output. 
Themagnetic core has 
been removed from Ihe 
output transformerfor 
clarity.NoteIhe Ihermis- 
lor (upper middle) at 
tached lo one end ol Ihe 
transistor flange. 
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of the two transistors in a push-pull 
header must be.closely matched be 
fore assembly. If there is even the 
slightest mismatchinany of the sev 
eral DCparameters, the device must 
be rejected. Another drawback of 
the push-pullheader is that the adja 
cent-transistor configuration re 
sults in reduced thermal ratings, 
leading to a decrease in electrical 
ruggedness. 
But there are important advan- 
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tages to the push-pull design. For 
example, the power gain perfor 
mance of this design is difficult to 
duplicate in single-ended configura 
tions because power gain is directly 
related to the emitter- or source-to- 
ground inductance. Also, in push- 
pull designs, the common-mode in 
ductance is completely insignificant; 
mutual inductance between each 
emitter, or source, becomes the criti 
cal factor. This mutual inductance is 
much easier to control and minimize. 
There are several different design 
approaches that can be used for sol 
id-state power amplifiers. A trans 
former-based push-pull design is the 
best approach 
for multioctave de 
vices, but such circuits are not easily 
implemented for frequency ranges 
higher than 50 to 100 MHz. If trans 
formers are used, their locations 
and connecting points, as well as the 
locations of any associated capaci 
tances, are extremely critical. These 
parameters must be tightly con 
trolled. 
Control of input and output im 
pedances to the matching networks 
is also required. These impedances 
must be kept constant over the en 
tire operating range. Internal im 
pedances—which are directly pro 
portional to the frequency—cannot 
be easily adjusted. However, some 
designs mitigate the effect of this 
frequency-dependent internal im 
pedance. These practices include in 
serting special correcting elements 
between the matching network and 
the device, designing the matching 
networks for the proper impedance- 
versus-frequency slope, and intro 
ducing negative-feedback series re 
sistor-inductor-capacitor (RLC) net- 
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2.Althe heartol the 300-W amplifier is the Gemini push-pull Iransisloi configuration. This broadband am 
plifier operatesinthe 10-to-17S-MHj range. 


works for controlling the feedback 
over the desired frequency band. 
Often, the negative-feedback tech 
nique is used with special, correct- 
ing-element techniques. 
Negative feedback is the output 
voltage returned to the input at 180 
deg. out of phase. In series RLC net 
works, the series resistor limits the 
overall amount of feedback voltage 
and also lowers the Q of the induc 
tor. The capacitance is mostly used 
for DC blocking. 
With these networks, the series 
inductive reactance results in phase 
lag. This phase lag is maximum at 
high frequencies, where the effect 
of the negative feedback is the least. 
As a result, the out-of-phase voltage 
must be obtained from either side of 
the push-pull circuit—or through a 
specially designed network—which 
allows the impedance of the voltage 
source to be optimized. 


3.Building theamplifier 
is easy usingthis compo 
nent layout. 
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A 
resistive network eliminates 
the reduced efficiency of the feed 
back power. This power is dissipated 
in the series resistor. Power loss can 
be considerable—up to 15percent at 
the low end of the spectrum—where 
the feedback is highest. 
Another factor in negative-feed 
back system design is that the out- 
of-phase feedback voltage must be 
injected after the input-matching 
network. This will not affect the de 
vice input impedance, but will lower 
the load impedance to the input- 
matching network. Also, there will 
be an additional load to the device 
output at low frequencies, where 
the output impedance is higher and 
less reactive. 
In addition to the correct use of 
negative feedback, the basis for 
good, multioctave, RF power-ampli 
fier design is well-designed wide 
band transformers and correct 
matching elements. With proper de 
sign, this combination yields a low- 
input circuit VSWR over many oc 
taves and results in a system with 
level power output. 
Proper push-pull design requires 
a noncritical, source-to-ground in 
ductance that provides a DC current 
path. This allows the circuit board to 
be split into two sections: an input 


HIGH-POWER AMP 


and an output board (Fig. 1). The 
input section carries the input- 
matching network and part of the 
gate-bias circuit. 
The first parts of the bias cir 
cuit—the output matching network 
and the drain-source voltage (VDS) 
filtering and bypassing compo 
nents—are mounted on the output 
board. This configuration allows 
each board to be changed indepen 
dently for matching-network modi 
fications or for other purposes. Fur 
thermore, the input matching is al 
most identical for a 28-V power- 
supply counterpart, requiring the 
change of only one chip capacitor 
and the output board (Fig. 2). 
Component locations can be seen 
in Fig. 3. The board material is G10, 
which is adequate for frequency 
ranges as high as 200 to 250 MHz, 
especially since no high-Q elements 
are incorporated. For a two-sided 
board, the lower side is a continuous 
ground plane, although not neces 
sarily in all locations. This means 
that no through-holes are provided 
for components such as resistors, 
trimpots, and inductors. These com 
ponents—as well as chip capacitors 
and wideband transformers—must 
be surface-mountable. The total 
number of feedthroughs to the bot 
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4. Correct construction of 
the wideband transform 
ers makes the amplifier 
work property. 


tom ground plane is 16. 
Gate-bias voltage is obtained 
from the main DC supply voltage 
through two voltage dividers. The 
first divider includes a trimpot for 
the bias adjustment. The second di 
vider accommodates a thermistor- 
resistor combination (R5, Rc) for 
temperature stabilization of FET bi 
ases. Without this stabilization, the 
drain idle current would have an ap 
proximate temperature coefficient 
of +15 mA/'C. With this tempera 
ture coefficient, idle current would 
increase by a factor of three if the 
case temperature was doubled. 
The FET and circuit boards are 
mounted on a milled copper plate, 
measuring 115 X 75 X 6 mm. Input/ 
output SMA-type connectors are 
mounted at the end of this plate. The 
result is a self-contained, single 
structure that can be fastened to a 
properly cooled heatsink. In labora 
tory tests, the copper plate—called 
the heat spreader—was pressed 
against an air-cooled heatsink by its 
own weight with a thermal com 
pound interface. The VI)S feed cir 
cuitry consists of standard high- and 
low-frequency filtering and bypass 
ing. In Fig. 2, it is clear that compo 
nents L, and C7 handle the high-fre 
quency end; the low-frequency end 
is handled by the L., C8components. 
Normally it is desirable to filter 
down to very low frequencies to pre- 


5. Semirigid coaxial ca 
bles ate benl and 
lormed to produce Ihe 
wideband transformers. 
The outer conductors are 
solderedtogether. The 
inner conductor of all 
segments ate sharply 
bent inwoidsagainst 
each olhet. 
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vent any RF energy from feeding 
back to the power supply, in case of 
load mismatches and instabilities. 
But this type of filtering applies pri 
marily to single-ended circuits. In 
push-pull circuits, the DC feed is 
usually at a balanced point, with no 
RF potential. In this push-pull cir 
cuit, such an elaborate filtering net 
work is not necessary, except when 
partially damaged devices cause ex 
cessive unbalances between the two 
sides. 


IMPEDANCE MATCHING 
Input- and 
output-impedance 
matching is done with unique wide 
band transformers (Figs. 4 and 5).1 
Advantages of using these trans 
formers include DC isolation be 
tween the primary and secondary 
turns, automatic balanced-to-unbal 
anced functions, and compact size 
vis-a-visthe power-handling capabil 
ity. The principle is the same as in 
ordinary low-frequency transform 
ers. However, the tight coupling co 
efficient is achieved between the 
transformers' windings by the use 
of a low-impedance transmission 
line, in this case, semirigid coaxial 
cable. 
The low-impedance side always 
has one turn, and consists of paral 
lel, connected segments of the coax 
outer conductor. The high-imped 
ance side has inner conductor seg 
ments that are connected in series. 
This arrangement permits only inte 
ger impedance ratios that are per 
fect squares, such as 1, 4, 9, and 16. 
The coupling coefficient between 
the primary and secondary turns 
can be controlled by varying the 
coax impedance. The optimum line 
impedance formula, Eq. 1, also ap 
plies to the transmission-line trans 
formers: 


Zo =VRl(R)V2 
(1) 
High line impedance results in 
loss of high frequency response, 
whereas a very low impedance 
would further lower the Rp at the 
middle frequencies (see table). 
There is a trade-off between the 
cable diameter and the length of the 
board. Depending on where the lines 
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are stacked, using large-diameter cable results in less- 
definable connection points to the low-impedance wind 
ing. This results in an increased leakage inductance. 
The areas of the coax inner conductor—where the wind 
ing series connections are made—are uncontrollable 
and contribute to the leakage inductance. 
In an optimum configuration, the low-impedance 
winding connection pointsshould be brought together 
as close as possible.This minimizes the lengths of the 
uncovered inner-conductor segments, but the physical 
format would be difficult to accomplish. 
The optimum value for the RPwould be exactly 12.5 
H,with a highvalue forthe XP. In fact,if XP is equalto, 
or greater than, the high-impedance termination, it can 
be omitted.Then, only the RPbecomesthe determining 
factor. The worstcaseisat 100 MHz, at which the RP is 
low and the XPis high (see table). 
This means the transformer ratio is greater than 1:4 
at that frequency, resulting in a dipin the drainefficien 
cy. It is the result of the leakage inductanceand can be 
observedat frequencies as lowas 50MHz.The compen 
sation capacitor, Cj, is optimized at 175MHz, but its in 
fluencediminishes at 130to 150 MHz.Despiteallof this, 
the overall performance of the transformer was consid 
ered satisfactory. 
Variations of the output impedance with frequency, 
compared to those of the input, are usually several 
times smaller. Therefore, impedance-sloping networks 
are rarely seen. Such networks should be able to handle 
high RF currents and voltages and would be difficult to 
design with low losses. Negative feedback, however, 
tends to present an artificialloadto the deviceoutput 
andit canbe designedto decreasewith frequency. 
The parallel, equivalentgate-to-gate inputimpedance 
of the push-pull network is 1.28- J 3.12 ft at 175MHz, 
making the normalizedimpedancevalue equalto 3.37ft. 
At 10MHz, the normalized impedance would be 15.7ft. 
At 175 MHz, a 16:1 impedance ratio would result in a 
closer input-impedance match, but it was decided that a 
9:1 ratiowould providea closermatch at lower frequen 
cies.The high end can be correctedwith an adjustment 
of C, and Cj. At 10 MHz, the input transformer would 
see a 15.7 ft load, which represents a VSWR of almost 
5:1. 
Therefore, if no correction network or feedback is 
employed, negative feedback will level the power gain 
as well. But, with simpleRLC networks, only the high- 
and low-frequency ends can be equalized, leaving a 
"hump" at the middle frequencies. In most cases, this 
hump is only 2 to 3 dB—tolerable for most applications. 
The series resistor should lower the Q of the inductor. 
But real optimization requires a variable source for the 
feedback voltage.1 The feedback resistor values can 
also be calculated.2 
A simplified model of the feedback network can be 
seen in Fig. 6. Only the series inductor, which is used to 


shape the gain slope, is omitted. This inductor can be 
treated as an additionalvariable. Its value for the spec 
trum in question would be lower than the minimum limit 
achievable with the physicallayout, regarding the mini 
mum lead lengths. In other words, the model only al 
lows the calculation of the feedback resistor values at a 
single frequency. In most instances, the minimum se 
ries inductoris limited by the physicalsize of the circuit 
ry. Ideally, its reactance should be infinite at the high 
end of the band and should be zero at 10 MHz. From the 
data sheet and by simple calculations, it is possibleto 
obtain the following values: 
• Gpsat 10 MHz = 26 dB. 
• Gpsat 175MHz = 16 dB (lowered to 15 dB with feed 
back). 
• Pin 1(f = 10MHz, Pout = 300W) = 0.75W, Vin (RMS)= 
2.03V (Vjj). 
• Pin 2(f = 175MHz, Poul = 300W) = 9.50W, Vin (RMS) 
= 7.23V (V,). 
• V3 = RMS output voltage (drain to drain) = -61.25 V. 
• R,, Rj (transformer source and gate-to-gate imped 
ances) = 5.5 ft. 
• R3 = feedback resistor. 
• R< (output load) = 12.5 ft. 
The value of the feedback resistor is given by: 


R3 
V2 + V3 
v, - 
v2\ 


= 48.3 fl (each resistor) 
KWGfl 
-R4 


(2) 


Total power dissipated (Rgand R,) = 63.28 x 0.58 = 
36.70 W, or 18.35 W per resistor. The values can be 
rounded to 50 ft, allowing the use of stock resistors. The 
resistors used here are rated for 25W. They have a one 
sided flange for heatsinking purposes, which is mount 
edon6.35-X-6.35-X-4-mnvhigh copperblocks in eachend 
of the FET. Holes are provided through the blocks, and 
common screws are used to mount the resistors and the 
FET. 
The purpose of the copper blocks is to conduct the 
heat away from the resistors to the heatsink through 
the ends of the FET flange and to raise their height to 
more than the top surface of the ceramic lids of the 
FET, allowing the resistors to be mounted directly on 
top of each lid. This design provides the shortest path 
between the drain and the gate, still leaving about 20 
mm of lead length, which is the practical minimum for 
the series inductance. 
On the top of one of the resistor flanges, fastened 
with the common resistor-FET mounting screw, is a 
solder lug into which one end of a thermistor (Rg) has 
been attached. Together with R5,it tracks the FET gate- 
threshold voltage variations with the FET flange and 
heatsink temperature. Similar thermistors come in pill 
or cylinder forms, and are 3 to 4 mm in diameter and 4 to 
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5 mm long. Normally they have 
wires soldered to each end, of which 
one was removed and replaced with 
the solderlug. The lug is the electri 
cal contact to the ground and the 
thermal contact to the heatsink. 
Thermistors with similar mounting 
may be commerciallyavailable. 
Since the output-load impedance 
is fixed and set for a nominal 12.5 ft, 
the optimum supply voltage would 
be approximately45 V for the best 
combination of drain efficiency and 
saturated power.If goodlinearityis 
required, higher voltage will give 
better results. In most applications, 
such as single sideband (where the 
duty cycle is low), the efficiency is 
less important. Other factors that 
affect efficiency arethe amount and 
type of magneticmaterialinthe out 
puttransformer,the amountof neg 
ative feedback introduced, and the 
magnitude of drain idle current. 
It would be difficult to design an 
amplifiercoveringthe l-to-175-MHz 
range in one segment, since highly 
permeable magneticmaterial is ex 
cessively lossy at VHF. Transmis 
sion-line transformers would allow 
multiturn windings and the use of 
material with lower permeability, 
but could easily lead to excessive 
physical linelength. Forextremely 
broadband designs, a low overall ef 
ficiency must be accepted, as wellas 
reduced power output from the 
specified device values. In such 
cases, efficiencies of 40 to 45 percent 
are typical. 
However, if the band is split into 
segments such as 1 to 75 MHz and 
75 to 175MHz, magnetic material in 
the output transformer is not re 
quired forthe highsegment,result 
ing in 10-to-15-percent higher effi 
ciency.Amplifiers, for even narrow 
er bandwidths such as the 88-to-108- 
MHz FM broadcast band, have been 
designed with efficiencies up to 70 
percentusing the same devicesand 
design technique. 
Some power is absorbed by the 
feedback networks at the high end 
of the band as a result of the finite 
reactance of the series inductances. 
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The reactance decreases in propor 
tion with the frequencyand reaches 
its minimum value at the lowest fre 
quency of operation, which iswhere 
maximum power loss due to feed 
back occurs. The numbers previous 
ly determined fromthe feedback re 
sistor calculations permits a deter 
mination:The power loss is Pin 2 - 
Pfc 1 + 36.7 W = 45.45 W, which 
converts to 7.5 percent, assuming 
50-percentinitialefficiency. 
Linear amplifiers usually operate 
at a lower efficiency than amplifiers 
designed forCWorFMservice. For 
goodlinearity, the output-matching 
network is designed for a higher 
transform ratio than that which is 
optimum for efficiency, which also 
results in higher saturated power 
output. Linearityis affected by the 
amount of quiescent idle current as 
well, of which a certain amount is 
alwaysrequired. InaFETamplifier, 
going from class B to classC has.a 
largereffect onefficiencythan in a 
bipolar design, since the gate- 
threshold voltage is usually higher 
than the base-emitter forward volt 
age.Zero gate voltagewouldlower 
the amplifier's power gain, but 
would also increase its efficiency by 
more than that accounted for by the 
idle current, and could actually be 
thought of as setting the operating 
pointcloserto classD. 
Stability is a concern with al)sol 
id-state amplifiers. It is easier to 
achieve with FETs than bipolar 
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transistors, mainly due to a higher 
ratio of feedback capacitance to in 
put impedance. The "half f0 oscilla 
tion" phenomenon is unknown with 
FETs, since the nonlinear diode 
junctionsare not present. However, 
at low frequenciesthe FETinput im 
pedance is almost a pure capaci 
tance with high reactance,resulting 
inextremely high powergain.If the 
FETgateisnotproperly terminated 
due to input mismatches, low-fre 
quency instabilities may take 
place—especially if the frequency 
response of the input circuit is low 
enoughto sustain the activity. 
For push-pull RF FETamplifiers, 
the two gates must have sufficient 
isolation between each other at the 
frequency at whichthe deviceinter 
nal capacitances, wirebond induc 
tances, and external inductances 
resonate. If the gate inductance is 
low compared to the device'sinter 
nal inductances, oscillations at the 
resonant frequency willoccur.3"5 
Depending on the exact condi 
tions anddevice type, relatively low- 
levelparasiticoscillationscanoccur; 
in worst-case scenarios, a latching- 
typecondition will destroy the FET 
instantly.This can be preventedby 
loweringthe Q of the resonant cir 
cuit with series resistance or induc 
tance at the gates. Unfortunately, 
this,seriously affects the high fre 
quencyperformance of the amplifi 
er. A more practical solution is sim 
plyto load the inputtransformerit 
self with magnetic material, which 
in this design is required to extend 
the frequency response down to 10 
MHz in any case, and would be re 
quired for any amplifier of this type 
regardless of the frequency range. 
The input VSWR can be optimized 
for lower frequencies by increasing 
the value of Q and adjusting C, 
(Fig. 2). TheoptimumvalueforCzat 
150 MHz is approximately 180 pF. 
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Its location, which is critical, should 
be insideT, (Fig.3).The C,capacitor 
should be soldered in place before 
the mounting of T,. Somedesigners 
allowa fair amount of input reflect 
ed power at lowfrequencies to com 
pensate for excessive power gain. 
However, this may result in instabil 
ities with the driver, unless biased 
into class A. 
In this design, the input and out 
put magnetic cores are heatsunk to 
the copper heat spreader. In the 
case of E-and I-type cores, the I sec 
tion is pressed flat against the heat 
spreader, and the E section is ce 
mented to it through a rectangular 
opening in the circuit board. Since 
the cementedjoints have high ther 
mal resistance, this is not a perfect 
way to remove the heat from the 
core, but it lowers the temperature 


by 20to 30*C from nocooling at all. 
Cooling isonlynecessaryforcertain 
types of ferrites with low Curie 
points. The powdered iron trans 
former core does not have a Curie 
point in that sense and can be oper 
ated at high temperatures without 
changes in its magnetic properties. 
The efficiency is lowest with full 
bandwidth and high supply voltage. 
Although the data was taken under 
CW conditions, continuous opera 
tion of the unit is not recommended, 
except with reduced duty cyclesuch 
as SSB or linear pulse. For applica 
tions above 50 to 70 MHz, it is rec 
ommended that no magnetic materi 
al is inserted in T2 (Fig.6).This ap 
plies especiallyto FMand other CW 
modes, at which the unit should be 
run at reduced power levels and 
voltages. At full poweroutput (Fig. 


7)and worst-case efficiency, power 
dissipation gets dangerously close 
to the derated limit, assuming a 60- 
to-70°C flange temperature. 
Overtightening the device mount 
ing screws will bow the relatively 
thin and long flange. Splitlockwash- 
ers should be used, with enough 
mounting torque to fully compress 
the washer. Silicone thermal com 
pound must be applied to the 
flange/heat-spreader interface. A 
thin layer wiped only to the flange 
bottomis sufficientand will spread 
evenly under the pressure. This in 
terface, the mounting torque, and 
the flatness and type of mounting 
surface are someof the mostimpor 
tant aspects in high-power transis 
tor amplifier design because heat is 
the numberoneenemyof any solid- 
state device. •• 
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By H.O. Granberg 
Motorola Semiconductor Products 


Asingle amplifier coveringfrequencies 
from HF to VHFat a power output level 
of 300 watts would have been considered 
impossible orimpracticala fewyears ago. 
This would still be true if not for the ad 
vances in power FET technology. 
This article covers the design aspects 
of a 300 watt unit with a frequency range 
ot 10 to 150 MHz. 
The MRF141G, used in this design, is 
housed in a special push-pull header 
commonly known as "Gemini" (twins), 
meaning that there are twoidentical tran 
sistors mounted next to each other on a 
common carrier or a flange. There are 
transistors (mainly FETs) available in the 
Geminitype packages rated from20 waits 
to 300 watts. The lower power units can 
be used to frequencies of 1 GHz and 
higher, while the 100-150watt units are 
designed to operate up to 500-600 MHz. 
The advantages of a push-pull package 
such as the Gemini become apparent at 
higher frequencies, where the normal 
push-pull 
configuration 
with discrete 
devices would be impractical. In the push- 
pullcircuit configurationthe critical fac 
tor is the mutual inductance between the 
two push-pull halves, and not the device 
to ground inductance, as is the case in 
single ended designs. The Gemini or any 
other push-pulltransistor housing permits 
the minimization of the mutual inductance 
to a level that approaches the ultimate in 
physical terms. 
There are a couple of penalties we must 
pay for all this. One is a slightly higher 
cost when compared to two discrete units 
due to matching procedures involved and 
lower production yields resulting from 
double the possible reject rate. Another 
one is the reduced thermal characteris 
tics. Twice as much dissipated power is 
concentrated virtually in the same area as 
in the case of a discrete design, leading 
to special cooling requirements. 


About Power FETs 
There have been designs of high power 
HF amplifiers using the TO-3 packages, 
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Figure 1. Overall view of the 300 watt, 10-150 MHz amplifier. Separate 
circuit boards are used for the input (left) and the output. 


and lower power versions with the TO-220 
plastic units. With a given die geometry, 
a 
FET 
has approximately four times 
higher unitygain frequency than a bipolar 
transistor. This explains the fact that even 
the larger lowfrequency power FETsmay 
have 10 dB or more power gain at 30 
MHz, where a similar bipolar counterpart 
would be totally unusable. The difference 
is mostly in the figure of merit of the die 
itself, which is the ratio of feedback capa 
citance to the input capacitance or im 
pedance. (This should not be confused 
with the more common base area/emitter 
periphery figure of merit die design for 
mula.) With bipolar transistors the feed 
back capacitance (collector to base) is not 
usually specified, but it is 15-20 times 
higher than the drain to gate capacitance 
of a comparable FET, while the base/gate 
input impedances become about equal at 
increased frequencies. 
This 
feedback 
capacitance normally produces feedback 
within the device 
itself, whose exact 
phase angle depends on the capacitance 
values and other parameters. 
In FETsdesigned specifically for RF.the 
die geometry is usually finer (larger ratio 
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ofthe gate periphery to the channel area) 
than in the switching power FETs. This 
reduces the device capacitances auto 
matically. Further reduction is achieved by 
splitting the die into a multiple of cells 
(groups of source sites and gate fingers) 
where the gates and sources are con 
nected in groups of two or four by in 
dividual bonding wires to the common 
package terminals. For example, in the 
MRF141G one of the two die consists of 
36 cells each having around 70 individual 
small FETs, making the total about 2,500. 
In switching power FETs, the connec 
tions to the numerous source sites and 
gates are made with metal pattern on the 
die surface which allows the use of single 
large diameter 
bonding wires for the 
source and gate contacts. The increased 
metal area results 
in increased MOS 
capacitance and reflects to the device in 
put (Ciss). feedback (CRSS) and output 
(Coss) capacitances. The transconduc 
tance of a MOSFET g(5 is a measure of 
its electrical size. Thus, a good indication 
of the high frequency performance can be 
obtained by comparing the capacitance 
values (especially Cnss) of devices with 
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Figure 2. Schematic of the amplifier. 


similar transconductances. 
Another fact to mention is the gate 
resistance. Most modern power FETs use 
a gate structure of polycrystal silicon, 
which can have a bulk resistance com 
parable to carbon. It is also used as a con 
ductor between the metal pattern and 
each individual gate. In the RF power 
FETs. each gate is fed through a separate 
contact having a resistance of approx 
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imately 0.1 ohms. In the switching power 
FETs. the polycrystal silicon is applied in 
a sheet form in a separate layer, but the 
distance between the metallization and 
the farthest gate still results in at least 
30-40 times higher gate resistance with 
a die of comparable size. 
In high frequency applications the high 
gate resistance permits a part of the drain- 
source RF voltage or transients to be fed 
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Figure 3. The component layout diagram. The only criticalcomponent 
locations arethose of C2 and C13. They must be soldered in place {Vi 
of C13) before the mounting of the input-output transformers. 
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back to the 
gate through 
CRSS in 
amplitudes that can rupture the gate- 
source oxide layer. The rupture will first 
occur in the far end of the die, away from 
the gate terminal. Since the gate resis 
tance is internal to the FET die. external 
limiting or clampingcircuits at the gate are 
of no help. The gate of a MOSFET is the 
most sensitive part of the device, which 
can be permanently damaged even by 
static 
charges 
during 
the 
handling. 
Although the larger FETs(100-150W). due 
to their higher gate capacitance, are not 
as vulnerable as the smaller ones, proper 
precautions should be exercised. 


Design and Construction 
As 
discussed 
earlier, 
the 
common 
mode inductance in a push- pull circuit is 
not critical, and the ground path is only 
used for DC feed to the amplifier. The in 
put and output impedance levels are es 
tablished from gate to gate and drain to 
drain respectively. This allows the circuit 
board, which is made of the standard 1.6 
mm G10 material, to be split into two sec 
tions. One carries the input matching net 
work and part of the bias circuit, while the 
second section holds the output malching 
network,the bias set and the drain voltage 
feed and filtering circuitry. (See Figures 
1 and 2). In addition to allowing wider 
design flexibility, this arrangement also 
simplifies the repair and maintenance of 
the unit, if required. 
The two circuit boards including the 
space between them for the FET meas 
ures 115 » 75 mm. They are mounted on 
a copper plate with the same dimensions 
having a thickness of 6 mm. The input 
and 
output connectors 
(SMA) 
are 
mounted to the edges of the copper plate. 
They can also be placed at a remote loca 
tionwithcoax connections to the amplifier 
utilizing any connectors that have good 
RF characteristics such as BNC. 
Due to the large amount of heat con 
centrated in a small area in the form of 
dissipated power, it is important that the 
copper plate be 
employed as a heat 
spreader unless the heat sink itself is 
made of copper. The heat spreader can 
then be bolted to a piece of aluminum ex 
trusion with thermal resistance of 1° CA/V 
or less for normal intermittent operation 
without 
forced 
air cooling. 
The 
heat 
spreader and 
the 
extrusion 
surfaces 
should be flat without any burrs, and 
silicone thermal compound must be ap 
plied to the interface. The same practices 
should be followed in mounting the FET 
intothe heat spreader. Ifthe FETgate and 
drain leads are bent sharply up along the 
package sides, they willbe aligned along 


the edges of the circuit boards. This 
makes the board spacing from the heat 
spreader less critical, which then can be 
anywhere from 1 to 3 mm. The FETlead 
lengths to the board connection points are 
variable by the same amount, but they 
have a minimal effect on the impedance 
matching and 
performance at these 
frequencies. 
Details of the electrical design concepts 
of a 
similar 
amplifier 
are 
given 
in 
reference 
1. 
The 
input-output 
trans 
formers require a special low impedance 
semi-rigid coax cable making construc 
tion difficult in single quantities. The out 
puttransformeronlyrequires a magnetic 
core ifoperation below75 MHzis desired. 
In contrast, the input transformer always 
requires one regardless of the frequency 
of operation. In a push-pull FETamplifier 
design the gates of the two halves must 
be isolated by sufficient inductance or 
resistance (7,8). In order to prevent in 
stabilities which will occur at the resonant 
frequency ofthe device capacitances, the 
internal wire bond inductances and the 
external inductances, suflicient isolation 
is required between the two gates which 
the magnetic core will provide. Without 
this, the two FETs of the push-pull circuit 
would see a parallel connection at some 
resonant frequency, which would result in 
serious instability problems. 
The importance of the negative feed 
back (L3, L4-R8, R9-C10. C11) must be 
emphasized. Without it the power gain 
would exceed 30 dB at low frequencies, 
resulting in increased conditions for in 
stabilities. The feedback is designed to 
lower the low frequency power gain close 
to the 150 MHz level it is at. L3 and L4, 
which consist of the lead lengths of R8 
and R9 represent a reactance of 20 ohms 
each at 150 MHz. 
It also controls the 
frequency-amplitude slope. This in series 
with the 25 ohm resistor values lowers the 
powergain byone dB at 150MHz but in 
creases to as much as 15 dB at 10 MHz. 
C10 and C11 are only used for DC block 
ing and theirvalues are not criticalas long 
as their reactances are less than 10-15 
percent of R8+R9. C10 and C11 are 
ceramic chip capacitor that are mounted 
vertically on the circuit board (Figure 1). 
Although unusual, itallows the feedback 
resistor leads to be soldered directly to the 
capacitor top terminals. This provides a 
much lower inductance path than the con 
ventional mounting technique and saves 
board space. Since R8 and R9 must be 
able to dissipate up to 15 Watts each 
depending on the frequency of operation, 
they must be of a type that can be easily 
heat sunk. The type resistors designated 
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Fgure 4. Amplifier power output versus the supply voltage at various 
input levels. Solid lines represent 150 MHz and dashed lines 10 MHz. 


have mounting lugs which are terminally 
connected to the copper heat spreader 
through 5 mm high spacers. 
These are mounted on top of the ends 
of the FET flange, allowing the use of 
common screws for fastening the resistors 
and the FET. The spacers must be ol 
material with low terminal resistance like 
aluminum, brass or copper, and must 
have a larger surface area than thinwall 
tubing. A couple of stacked brass nuts, 
one size larger than the mounting screws 
is a good solution. Although not very pro 


fessional 
it works rather well. 
If the 
unit is used for other than intermittent 
modes of operation such as voice com 
munication, a thermistor (R6) can be used 
for bias stabilization. Without it the drain 
idlecurrent will approximately triple ifthe 
FET case temperature is doubled, and 
would result in decreased efficiency. The 
thermistor can be attached to a solder lug. 
which is fastened with one of the resistor- 
FET mounting screws, 
The 
input 
and 
output impedance 
matching is achieved with unique wide- 
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Figure 5. Output harmonic contents versus frequency. (VDS = 28V, P0UT = 
300W.) The benefit ofthe push-pull configuration can be seen inthe sup 
pressed evenorderproducts.Thedata does not change considerablywith 
varying the supply voltage or power output. 
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Low Frequency 
end MHz 
IM 
Manufacturer and 
type # 
Drain Eff. 
at 300 W, 
75-100 MHz 


75 
1 
No magnetic core 
62-66% 


25 
20 
Micrometals 101-2 
59-63% 


15 
35 
Micrometals 101-8 
54-59% 


7.5 
125 
Fair-Rite Prod. Corp. 
9461014002/9361020002 
46-52% 


2 
850 
Fair-Rite Prod. Corp. 
9443014002/9343020002 
36-43% 


Table 1. Effect of the output transformer magnetic core material on 
amplifier bandwidth and efficiency. 


band transformers described in Refer 
ences 1 and 2. Some of their advantages 
are: DCisolationbetween the primaryand 
the secondary, automatic balanced to un 
balanced function and compact size in 
comparison to the power handling capa 
bility. Their principle is the same as in or 
dinary lowfrequency transformers, except 
that tight coupling between the windings 
is achieved through the use of low im 
pedance transmission line, in this case 
semi-rigid coax cable. The lowimpedance 
side always has one turn and consists of 
parallel connected segments of the coax 
outer conductor. The inner conductor 
forms the high impedance winding,where 
the segments are connected in series. 
This arrangement only permits im 
pedance ratios with integers such as 1:4. 
9. 16.The magnetic cores employed are 
the old E and I types. They can be in 
serted around the transformer after the 
windings are made up and mounted to the 
board. 
Rectangular 
openings 
in 
the 
boards are required to allow the I section 
to be laid against the heat spreader with 
thermal compound interface. The E and 
I cores are then cemented together and 
to the edges of the board openings. 
Special heat conductive epoxy would be 
preferable, but not mandatory. If there is 
no air flow on top of the amplifier, the out 
put transformer can reach temperatures 
in 
excess 
of 
100°C 
in 
continuous 
operation. 
As a rule, the high frequency losses in 
magnetic 
material 
such as 
ferrite 
or 
powdered iron, are more or less directly 
related to its permeability, and appear as 
heat generated within the core. Since this 
part of the RF energy is not delivered to 


the output terminal, and the drain current 
is equal in each case, the result is lowered 
overall efficiency. 
From the above we can conclude that 
the magnetic core material should be 
selected according to the lowest desired 
frequency of operation. For example, from 
2 to 150 MHz, initial permeability (u,) of 
over 600 and cross sectional area of 
about 1 cm2 would be required. Ferrites 
in this category have Curie temperatures 
of 130-140°C, above which temperature 
they become paramagnetic and causes 
serious malfunctions in the operation of 
at lower frequencies. In such case special 
cooling structures would be required (See 
Table 1). 
The amplifier described was originally 
designed for operation from a constant 28 
volt 
power 
supply, 
for which 
reason 
regulation of the gate bias voltage was 
omitted. Ifthe supply voltage is varied by 
more than 2 volts, the bias will have to be 
reset by R4 for a nominal 400-500 mA 
drain idle current. This can be avoided by 
connecting 
a 
6.8-8.2 
V zener 
diode 
(1N5921A-1N5923A) from the junction of 
R3 and R4 to ground. The idle current can 
then be set once, and would not change 
considerably from a supply of 12 to 28 V. 
The VDS feed circuitry consists of the 
standard high andlow irequency filtering 
to prevent any RF from feeding back to 
the power supply. C5, C6, L1 and C7 han 
dle the high frequency end, while the low 
frequencies are taken care of by the 
L2-C8 combination. 


Performance 
With the 1:9 impedance ratio output 
transformer 
employed, 
the 
optimum 
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power output at 12 and 28 V supplies 
would 
be 
only 
50 
and 
265 
watts 
respectively. 


P- = 
2V'ds ~ Vc 


50/9 
At these power levels the IM distortion 
is better than -30 dB at all frequencies, 
the worst case being at 50-100 MHz. From 
Figure 4 it can be seen that higher out 
put levels are possible with increased 
drive power, but the amplifier will be close 
to saturation and can be only used for 
nonlinear applications such as FM or CW. 
For the best IMD, the idle current should 
be 500-800 mA total, but disregarding the 
linearity, it can be as low as 100-200 mA. 
Lower idle current will result in loss of 
power gain by 0.5-1.0 dB, while increas 
ing the efficiency. 
The stability of any RF power amplifier 
(especially solid state) under mismatched 
load conditions is always a concern. The 
power MOSFETshave been proven sup 
erior in this respect to the BJTs,although 
the stability is also circuit dependent to 
a 
great 
extent. 
The 
stability 
of 
the 
amplifier described here has been tested 
against load mismatches using a simu 
lator of 30:1 at all phase angles and a 3 
dB power attenuator to the amplifier out 
put, which results in approximately 3:1 
VSWR. Unconditional stability was shown 
at a combination of any power output level 
and supply voltage at 10,50 and 150 MHz. 
Stability into a 3:1 mismatched load is 
almost considered a standard specifica 
tion in the industry, meaning that the har 
monic filter-antenna combination (if ap 
plicable) should have its input VSWR 
equal or lower. Normally 2:1 is easy to 
achieve over a fraction of an octave band 
width, unless the filters are improperly 
designed. Figure 5 shows that at 150 MHz 
and beyond the output harmonics are well 
suppressed to start with, but a filter is still 
required to meet the FCC regulations. 
More elaborate filtering is necessary at 
lower frequencies, where the 3rd har 
monic is only 12-13 dB below the fun 
damental. For most industrial applica 
tions, however, harmonic filtering may not 
be necessary. Although data is not shown, 
the amplifier can be used up to 175 MHz 
with a power gain of 10-11 dB. C1 should 
be adjusted for lowest input VSWR and 
C9 for the peak power output at the 
highest desired frequency of operation. 
As the MRF 141G basically operates 
from a 28 V supply, lowering the voltage 
down to 20 or below would make the unit 
almost 
indestructible 
against 
load 
mismatches in case of an open coax or 
broken antenna. Figure 4 shows that the 
power output is still almost 200 watts at 


20 V and 150 watts at 16 V. The rugged 
ness criterion does not apply against 
possible transients to the input from the 
signal source and assumes that the FET 
is properly mounted to the heat sink. A 
normal guideline is that 
a transistor 
should 
have 
its 
break 
down 
voltage 
(BVas5) 2-25 times the operating voltage. 
The break down voltage is set by choos 
ing the starting material (silicon) with pro 
per resistivityor doping. Ifthe break down 
voltage is too low, the output voltage 
swing may exceed itand cause an avalan 
che. If it is too high, the transistor will 
saturate at a low power level, but it will be 
harder to blow up since the device is less 
likelyto exceed its dissipation limits. For 
the same reason, devices made for 50 V 
operation are often used at 30-40 V and 
at reduced power levels in applications 
like laser drivers and magnetic resonance 
imaging, where they must momentarily 
withstand a large output load mismatch. 
The circuit boards and other components 
for this design are available from Com 
munication Concepts. Inc., 121 Brown 
Street. Dayton, OH 45402. 
El 
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HOW TO APPLY THE MHW709/MHW710 UHF POWER 
^ 
MODULES 


vr 


FIGURE 1 — UHF POWER MODULE TEST INFORMATION 
(MHW709 AND MHW710) 


TEST CIRCUIT 


Motorola's UHF Power Modules use thin film construc 
tion to minimize parasitics, and for manufacturing con 
sistency. They're flange mount for easy, one-sided as 
sembly. They reduce your system inventory, eliminate 
the need for special production equipment. But even 
though the MHW709/MHW7I0 are "complete" UHF 
power drivers and reduce RF design and production to a 
new level of ease, there are a few operation and testing 
considerations to follow for best results. 


The modules are conservatively rated. Actual output 
power capability is SO to 70% above rated power. How 
ever, the equipment designer should not design a prod 
uct using the module above the rated output power. In 
some cases, if smaller margins are acceptable and certain 
other conditions are met, some of the reserve power 
output can be used. In this case, please contact your 
Motorola representative for specific recommendations. 


When operated within published specifications, the max 
imum device_ current density seen in a limitmodule will 
be 1.5 x IO5 A/cm-. Maximum die temperature with a 
100° C base plate temperature will be 165° C: 
Nominal ratings are for a 12.5 Vdc supply (Vs at pin5) 
and control (Vsc at pin 3) voltage.Specificationssuch as 
power gain, efficiency, and input VSWR are measured 
with the nominal 12.5 Vdc supply and an output power 
of 13 W(MHW710) and 7.5 W(MHW709). 


Gain Control 


The preferred method of operation is to apply 12.5 Vdc 
to both pin 3 and pin 5 through the recommended de 
coupling network. (In general, the module output power 
should be limited to 14 W. MHW710;8.5 W. MHW709.) 
The output of the module is then set by adjusting the 
input drive level. Operation in this manner will result in 
the best performance with temperature variation. 


Pin 5 supplies collector voltage to the input stage in the 
module. This pin is internally bypassed by a .018 uF 
chip capacitor effective for frequencies from 5 MHz 
through the operating frequency. Due to size limitations 
in the module, additional external low frequency de 
coupling effective below 5 MHz is required (as is re 
quired with discrete UHF transistors). If pin 5 is used to 
reduce the module output, two characteristics may cause 
an application problem. 


One is that with the drive power appreciably above that 
required (+2 dB or so) for 13 watts output, the voltage 
on the first stage may be as low as four or five volts. This 
low voltage tends to increase the slump in output power 
with increasing temperature as opposed to the condition 
of pin 5 = pin 3 = 12.5 V and drive adjusted for desired 
power output. Second, if voltage to pin 5 is derived from 
a series dropping resistor and the value of the resistor is 
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above 10 to 20 ohms, the output power will tend to rise 
with decreasing drive which could cause problems in an 
application using an automatic gain or output leveling 
circuit. If pin 5 is fed from a regulatedvoltagesource,as 
opposed to a series dropping resistor, this problem does 
not arise, however, the temperature slump characteristic 
is still present. 


Typically, the MHW710 slump at 80° C from rated out 
put at 25°CwithV3 =VS =12.S Vdc is9 to 12%. With 
pin5 voltage set for rated output power andrated drive 
applied, the typical slump will be 10 to 16% at 80° C. 
Slump in the MHW709 under the same conditions,is 
typically5%lessthan the above figures. 


Decoupling 


As mentioned, size limitations in the module make it 
necessary to provide external coupling for frequencies 
below 5 or 10 MHz. This can take the form of a network 
as shown on the data sheet. All decoupling capacitors 
internal to the module are .018 uF chips. Output and 
interstage blocking capacitors are39 pF NPO chips.This 
chip type hasa nominal reactance to 9 ohms in the UHF 
band and was selected to decrease the module gain at 
frequencies below the pass band. Also, the basereturn 
chokes in allstages wereselectedto degrade gainslightly 
at UHF with greatereffect at lower frequencies. The use 
of small couplingandblockingcapacitors along with low 
impedance base returns reduces the loop gain at low 
frequencies to minimize low frequency problems from 
the 
increased 
device 
gains below 
the 
operating 
frequency. 


The decoupling networkshownon the datasheetisused 
during final test of the moduleandhasbeen foundeffec 
tive for our test setup. Differences in test circuit layout, 
ground current paths or other low frequency feedback 
circuits could require a modified decoupling network. 
Some applications may benefit from the use of a series 
R-C damping circuitconnectedto groundfrom pins5 or 
3. This can consist of a 5 to 10 ohm carbon resistor in 
series with a 1 to 10 pF, 25 volt electrolytic or tantalum 
capacitor. 


Source and Load Impedances 


The modules are designed for proper operation with 
source and load impedances of 50 ohms resistive.With 
proper decoupling, they will be stablewith 2:1 VSWR 
source and load impedances, any phase angle and any 
combination of phase anglesat nominal drive and power 
output. In addition, the rf drive and supply voltagecan 
be variedover wide ranges.Typically, during this test, no 
spurious outputs are seen except with drive powers 
above 300 mW taken simultaneously with supply volt 
ages below 4 or 5 volts. This condition of simultaneous 
high drive and low voltagewill most likely neverbe seen 
in actual applications. 


Most problems with module instabilities are a function 
of poor source impedance or poor decoupling. If a ten 
dency is seen for the module to "snap on" or havehys 
teresis in the output power versus input power curve, the 
problem is most likely due to asourceVSWR above2:1 
relative to SOohms. To check this, put a 3 dB or 6 dB 


RGURE 2 — UHF POWER MODULE TEST SETUP 


Pin 7 


10 dB 
Z1 


MICROLAB/ FXR AD ION 
Signal 
IGenerator 


MHW720 BLOCK DIAGRAM 


Pin 4 
Pin 2 
Pin 1 
111 
1%3jF6irC7 


C4 


Z2 


MHW720 Text Fixture Schematic 


Zl, Z2 50 n Microstripline 
L1, L2 Ferroxcube VK200-20/4B 
CI. C4, C5, C6 1.0 fit Tantalum 25 V 


C2, C3 0.1 fiF Ceramic 
C7 47 ,iF Tantalum, 25 V 


NOTE: No Internal D.C. blocking on input pin. 
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matched pad between the source and the module. The 
hysteresis or "snap" shoulddisappear if the problem is 
source impedance. If "jumps" are noticedduringvarying 
input powerconditions, the problem is most likely low 
frequency breakup dueto insufficient lowfrequency de- 
coupling-this can be seen on a spectrumanalyzersamp 
ling the output power. If a spectrum analyzer is not 
available, an ac-coupled 10 MHz oscilloscope on the dc 
feed pins at the module will usually detectlow frequen 
cy breakup. 


a spectrum analyzer. It has been found that at least 90 
percentof semiconductor failures during loadmismatch 
tests are due to spurious breakup during the test. When 
the spurious problems are solved, the burnout problems 
are also solved. 


The MHW modules are 
100% tested for burnout and 
spurious breakup two times during the production pro 
cess. One test is performed after the module is com- 


FIGURE 3 — UHF POWER MODULE TEST FIXTURE 
PRINTED CIRCUIT BOARD 


Input Line 
Width = 0.085' 


Body Clearance 
for 4-40 Screw 


Pin 7 
Pin 5 
Pin 3 
Pin 1 


When usingthe moduleas a drop-infor other modules,it 
has been found that circuit"tweaks" madeto compen 
sate for antenna switching and output filter VSWR to 
provide optimum performance with a particular type 
module may degrade the performance of the MHW series 
modules. The output circuit in this moduleisa low-pass 
Chebyshev impedance transforming network. It is care 
fully designed to provide a SO ohm source impedance 
with a VSWR of less than 1.3:1 at 13 watts powerout 
put and 12.5 V supply. The power available to the load 
(forward power as measured by a directional coupler) 
with this module will not degrade more than 20% from 
the power set into a SO ohm load when a load with a 
VSWR of 2:1 isplaced on the output and varied through 
all phase angles. This characteristicholds true through 
out the rated frequency rangeof the module. 


Load Mismatch 


When performing a load mismatch capability test with 
any semiconductor device, especially in a new environ 
ment where all sources of regeneration are not yet iden 
tified, one should monitor the output of the devicewith 
a directionalsampling schemeand displaythis output on 


NOTE: The Printed CircuitBoard shown is 75%of the original. 


Teflon Glass Board 
t= 0.031" 
«r = 2.56 


Output Line 
Width = 0.085" 


NOTE: 
Mount board and module on 1/2" thick aluminum block for 
heat sinking and electrical ground. Pins 2. 4 and 6 are not 
directly connected to ground in this test fixture. Ground is 
provided through module heat sink. 


pleted and on the heatsink, another is performed after 
the module is capped and marked. The 13 watt modules 
are tested at 17 to 20 watts output into a load with a 
return loss of lessthan 0.7 dBat all phaseangles (greater 
than 25:1 VSWR) and the 7.S watt modules are tested at 
10 to 12 watts into the same load. 


In summary, it is recommended that the MHW709/710 
series 
modules 
be 
operated 
under 
the 
following 
conditions: 


1. Source and load VSWR <2:1 with respect to SO 
ohms. 


2. Proper low frequency decoupling. 


3. Supply voltage of 12.5 volts applied to both pin S 
and pin 3 with driver power adjusted for desired out 
put power. 


4. Sufficient heatsinking so that module flangedoes not 
exceed 100° C (preferably 80° C). 


5. Flange at rf ground potential. The "ground" pins 2, 
4, and 6 are not sufficient to establish a good rf 
ground at UHF by themselves. 


When these rules are followed, the MHW709/710 series 
modules will provide the performance you expect. 
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CONTROLLED — Q RF TECHNOLOGY — WHAT IT MEANS, 
HOW ITS DONE 


The difficult transfer ofhigh frequency energy from a signal 
source to the control element ofan RFpower transistor is efficiently 
achieved by a new design philosophy. Both monolithic and 
hybrid IC techniques are used to include a matching network 
in the transistor package and overcome this tough design problem. 


The insertion of a matching network into an RF 
powertransistor packagehas cured many evils 
encountered in high frequency circuit design. 
Devices using such an internal impedance match 
ing network have been dubbed Controlled Q 
because that is exactly what the added package 
circuitry does — it gives the power transistor a 
consistent and highly controlled electrical quality 
(Q) factor. In a nutshell controlled Q increases 
guaranteed gains from previously available 4 dB 
to 5 or 6 dB in the 470 MHz region at 12.5 V. 
The controlled Q means that these devices are 
easier to match into circuit networks, and offer 
better consistency of high frequency parameters 
than other, non-controlled Q RF power devices. 


BASE O- 


MOS CHIP 
CAPACITOR 


WIRE 
BONO 


TRANSISTOR 
j 
CELLS 
I 


WIRE f»x 


COLLECTOR 
CONNECTION 


"HC 


I ~tr 


1=^ EMITTER 
GR0UN0E0 


FIGURE 1 — Each base region has an internal 
matching network included in the CQ package. 


The Old and the New 
There are no panaceas for the complexities of 
broadband RF circuit design. With or without 
controlled Q, circuit networks must be designed 
to impedance-match the different stages. Gain 
and power output has to be optimized for the par 
ticular application, while maintaining a specified 
overall circuit bandwidth. 
With older RF power devices, such as the 
2N6136, a complete interstage matching network 
had to be provided using discrete passive compo 
nents external to the transistor package. Not 
only did the circuit take up a lot of space, but 
its overall series component reactance limited 
design capability — especially in bandwidth. In 
addition, parasitic elements caused by the extra 
components, and package geometries interfered 
with establishing a solid signal ground. 
With newer controlled Q devices, "inside-the- 
package" construction of some of the network 
matching elements brings the network closer to 
the active transistor die. Not only does this elim 
inate the number of required external compo 
nents, but it also means that a small amount of 
capacitance can minimize the imaginary part of 
the input impedance for maximum bandwidth. 
Internal construction techniques help establish 
a better signal ground by removing most 
parasitic reactance. 


A Closer Look 
Controlled Q transistors use both monolithic 
and hybrid techniques in their construction. The 
active transistor die is fabricated using monolithic 
integrated circuit methods. A small MOS chip 
capacitor is wire bonded to the active transistor' 
die thus incorporating hybrid technology. The 
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resultingtotal transistor package can be thought 
of as an active transmission line element for high 
frequency (to 500 MHz) amplifier design. Figure 
1 shows a portion of the device circuit. 
To meet the high power handling require 
ments the controlled Q transistors are specially 
constructed with each of its multiple emitters 
having its own ballast resistor. These nichrome 
(NiCr) resistors, shown in the close-up of Figure 
2, have different resistance values to compensate 
for thermal differences of various porlions of the 
transistor chip. This prevents overloading of some 
emitters due to temperature difference. This Iso 
thermal' resistor design technique assures 
balanced current distribution throughout the 
transistor for more consistent operation at various 
power levels. 
Emitter inductance and its undesirable gain 
reducing negative feedback are minimized in con 
trolled Q devices, by establishing a solid ground 
for the transistor emitters. This is accomplished 
by using the lead frame to extend the ground 
plane completely around the device. Emitter 
wires are then attached to this ground plane. Such 
an emitter bonding technique has been shown to 
contribute more than 50% of the gain increase 
of a controlled Q device in the 170 MHz region. 
Its total gain of 5.22 dB is significantly higher 
than a non-CQ device of the same 25 W version 
that gives around 4.0 dB gain. 
Controlled Q transistors also have bonding 
wires extending from each transistor base region 
to the MOS capacitor chip and then out to the 
package base lead. These bonding wires and the 
MOS capacitor interconnect one half of an input 
impedance matching network as in Figure 3. 


•Trademark o/ Motorola Inc. 


FIGURE 2— A close-up view ol Ihe emitter ballasting resistors 
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FIGURE 3 - Pari of the transmission network inductance and 
capacitance is provided in CQ transistor packages. 


Controlled Q production methods not only 
increase device yield, but also allow all final fac 
tory testing to be done in fixed-tuned te.st equip 
ment. This means ease of final test for the 
semiconductor manufacturer, but more impor 
tantly, insures the consistency of controlled Q 
transistors from device to device. To the RF 
equipment manufacturer, this means that once 
a piece of communications gear has been designed, 
controlled Q devices can be dropped into amplifier 
modules with a minimum of circuit adjustment 
and tuning. 
What's Available 
Motorola's MRF series of high frequency 
power devices are available in stripline opposed 
emitter packages which offer excellent thermal 
characteristics along with controlled Q operation. 
Available in both 12.5 V and 28 V devices, these 
transistors listed in Table I are capable of oper 
ating at frequencies to 900 MHz with power out 
puts to 50 watts. 


y 
— 
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'ABLE 1 - Controlled Q 
,r1 


Operation 
Output 


RF Power T ansistors 


Device 
Voltage 
Power 
Frequency 
Comment 


MFR243 
MRF245 
12.5 V 
60W 


80 W 
lo 175 MHz 
ForVHF Laige 
SignalApplication 


MRF316 
MRF317 
28 V 
80 W 


100 W 
lo 200 MHz 
For VHF MIL 


Aircraft and Mobile 
Operation 


MRF641 
15W 
For UHF 


MRF644 


MRF646 
12.5 V 
25 W 
40W 
lo 512 MHz 
FM Mobile 
Applications 
MRF648 
60W 


For 225400 MHz 
MRF325 


MRF326 
28 V 
30W 


40W 
10 500 MHz 
Aircraft and 
MobileOperation 
2N6439 
60W 


MRF327 
80W 
MRF338 
80W 


MRF329 
100 W 


MRF840 
7W 


MRF842 
20 W 
to 900 MHz 
For 900 MHz 
MRF844 
30W 
Land Mobile 


MRF846 
40W 
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GET 300 WATTS PEP LINEAR ACROSS 2 TO 30 MHz 
FROM THIS PUSH-PULL AMPLIFIER 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


(The heat sink shown with amplifier is sufficient only for short test periods under forced air cooling. 


This bulletin supplies sufficient information lo build a 
push-pull linear amplifier for 300 waits of PEPor CW 
output power across the 2- to 30-MHz band. One of 
Motorola's new high-power transistors developed for 
single-sideband. MRF422, is used in this application. 


Like all transistors in its family of devices. MRF422 
combines single-chip construction (hat is advancing the 
State-of-the-art, and improved packaging to accommo 
date the low collector efficiencies encountered in class 
B operation. Rated maximum output power is 150 walls 
CW or PEP with inteniiodiilation distortion spee'd at 
-30 dB maximum. —33 dB typical. Although not rec 
ommended, a saturated power level of 240- to 250-W 
is achievable. Maximum allowable dissipation is 300 W 


at 25°C. 


Becauseof its excellent load and line voltage regulating 
capabilities, an integrated circuit bias regulator is used 
in the amplifier. The MPC1000. originally described in 
Ihis bulletin, consisted of a MCI 723 chip and a built-in 
pass transistor. The manufacture of this device has been 
discontinued however, and the board lay-out was mod 
ified lo incorporate the above two in separate packages. 
The load regulation typically measures less than 2'7< at 
current levels up to 0.5 A. which assumes an h,.E of 40 
for the RF power devices. The board surface provides 
a sufficient heal sink for the 2N5990 pass transistor, but 
a separateheatdissipator, such as Thermalloy 6107 can 
be added if necessary. With the component values 
shown, the bias is adjustable from 0.4 to 0.8 volts. 
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Transformer Construction 


Gain Harness over the band is achievedusingbaseinput 
networks R|C>and R^C, and negative feedback through 
Ri and R4. The networks represent a scries reactance of 
0.69 ohms at 30 MHz rising to 1.48 ohms at 2 MHz. 
A single-turn winding in the collector choke provides a 
low-impedance negative feedback source, thus R, and 
R., determine the amount. The reactance of C, reduces 
feedback at high frequencies with the result that feedback 
increases an average of 4 dB per octave at decreasing 
frequency. 


For continuous operation at full power CW. it is rec 
ommended that heat sink compound, such as Dow Corn 
ing #340. be applied between the board surface and R, 
and R4. and if possible have air circulating over the top 
of the circuit board as well. 


The effective base-to-base impedance, increased by the 
RC networks is about 5 ohms at midband. As a result 
of this and the 9:1 impedance ratio in ihe input trans 
fonner Tl. the input VSWR is limited to 1.9:1 or less 
across the band. Transformer T2. in addition to providing 
a source for the feedback anil carrying the dc collector 
current, acts as the rfcentertap of the output transformer. 
To construct T2. wind 5 turns of 2 twisted pairs of AWG 
No. 22 enameled wire on a Stackpole 57-9322 toroid 
(Indiana General F627-8QI). 


1 


vcc • ™ v 
'out • MO«S«» 


,--- 
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Figure 1 — Collector Efficiency, 
Power Gain and VSWR vs Frequency 


A Stackpole dual balun ferrite core 57-I845-24B is used 
for Tl. The secondary is made of W copper braid, 
through which three turns of the primary winding (No. 
22 Tetlon 
insulated hook-up wire) are threaded. 
The 
construction of T3 is similar to that ol'TI. ll employs 
two Stackpole 57-3238* ferrite sleeves which arc ce 
mented together for easier construction. Ihe primary is 
made of 'A" copper braid, through which three turns of 
No. 
16 Teflon" 
insulated wire 
are 
threaded for the 
secondary. 
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300-Watt Linear Amplifier Schematic Diagram 


Vcc" 


Mounted To 
Hsottink -•«, 


C1 - 
lOOpF 
C2. C3 - 
5600 pF 
C4, C5 - 680 pF 
C6,C7-0.10uF 
C11 -470pF 
C12, C13 -0.33/iF 
C14 - 
10 pF - 50 V electrolytic 
CIS - 
500 uF - 
3 V electrolytic 


C16 - 
1000 pF 


R1, R2 - 
2 X 3.3ft, 1/2 W in parallol 
R3. R4 - 
2 X 3.9ft, 1/2 W in parallel 
R5-47ft, BW 
R6-1.0ft, 1/2 W 
R7, R8- 1.0 k, 1/2 W 
R9-18k, 1/2 W 
RIO-8.2 k. 1/2 W 
R11 - 
1.0 k Trlmpot 
01 -2N5190 
Ll, 1.2 — Forroxcubo 
VK200 20/4B 
L3, L4 — 6 ferrito beads 
each, Forroxcubo 


56590 65/3B 


For production quantities, the braid in T, may be made 
ofbrassorcopper tubes with their ends solderedto pieces 
of PC board laminate. See cover picture and Motorola 
AN-749 for details. 


The bandwidth characteristics of these transformers do 
not equal those of the transmission line type, but they're 
much easier to duplicate. 


The measured performance of the amplifier is shown 
in figures 1, 2, and 3 and harmonic rejection data in 
table I. 


*A similar product is available from Fair-Rite Products Corp., Wallkill, N.Y.. 12589 


*Registered trademark of DuPont 


PCB. chips capacitors, transformers T,. T:. T,. and ferrite beads are available from: 
COMMUNICATIONS CONCEPTS. 2648~N. Aragon Ave.. Kettering. Ohio 45420. 
Telephone: (513)294-8425. 


Q1.Q2 -MRF422.Q3 - 2NS990 
T1.T2, T3 — Seo toxt 


output son 


All capacitor* except eloctrolytic* end C16 


era chip* — 


Union Carbide typo 1813 and 1225, 
or Vorodyno slzo 18 or 14, or equivalent 


Table I. Output harmonic contents, 
measured at 300-W CW (all test data 
taken using a tuned output, narrow 
band signal source). 
2nd | 
3rd 
I 4th 
| 
5th 


f (Mhz) 
(dB below the carrier) 


30.0 
-38 
-25 
-34 
-48 


20.0 
-33 
-13 
-43 
-45 


15.0 
-50 
-10 
-51 
-47 


7.50 
-40 
-30 
-55 
-47 


4.0 
-37 
-22 
-55 
-37 


2.0 
-36 
-18 
-45 
-37 
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NOTE: The Printed CircuitBoard shown is 75% of the original. 
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Figure 2 --IMDvs Frequency 
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Figure 3 — IMD vs Power Output 
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THE COMMON EMITTER TO-39 AND ITS ADVANTAGES 


Prepared By Rich Potyka 


The common emitter TO-39 package is one of Motorola's 
latest innovations in low-cost rf packages, h differs from 
conventional TO-3°'s or TO-5's in that the emitter, not 
the collector, is connected to the metal case. To achieve 
this, a BeO insulating block metallized on top and bot 
tom is brazed to the can bottom and the transistor chip 


brazed to the BeO insulator. Wires arc then bonded from 
the chip and insulator block to the terminals and the can 
bottom as shown in the photo. 
With NPN transistors, 
this configuration permits direct connection of the can 
to rf and negative dc ground for many class B and C 


circuits. 


Two important 
advantages can be derived from 
the 
common emitter TO-39: 
By connecting the case io the 
rf circuit ground, emitter inductance is reduced and gain 
increased by 3 to 5 dB over that of comparable, conven 
tionally wired transistors. 
And the case may be directly 
pressed, clipped, or soldered to the heat sink with no 
effect on rf performance. This feature may eliminate the 
need for the heat radiating "coolers" because soldering 
the transistor bottom to the circuit, typically a PC 
board, improves dissipation by removing heat through 


the thick metal base rather than the thin can. 
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DIM 
MILLIMETERS 
INCHES 


MIN 
MAX 
MIN 
MAX 


A 
8.89 
9.40 
0350 
| .ill 


B 
8.00 
B.5I 
0.315 
0.335 
C 
6.10 
6.60 
0240 
0260 


D 
0.406 
0533 
0016 
0 021 


t 
0.229 
3.18 
0.003 
0125 
F 
0.406 
0.483 
0.016 
0019 


(i 
4.83 
5.33 
0.190 
0210 


H 
0.711 
:i fi•:,.-. 
i) 023 
0.034 


J 
0.737 
1.02 
0.029 
0040 


K 
1270 
- 
0.500 
- 


L 
6.35 
- 
- 


M 
45° NOM 
45 
'.:-•.' 


P 
1 1.27 
- 
1 0.050 


n 
90° NOM 
90° NOM 


R 
2.54 | 
0.100 I 


All JEDEC rjrmenirons and noiesapply. 


CASE 7902 
TO-39 


For example, the MRF227 was mounted in this manner 
and a0;cof 15°C/W was measured using a Barnes RM-2A 
Infrared Microscope. 
Compared to an MRF607 in a 
conventional package operating under identical condi 
tions, 
this is greater than a 2:1 reduction in thermal 
resistance. 
And as side benefits, the lower 0;c also re 
duces power slump and improves reliability. 


In many mobile radios CE-T039 devices can replace stud 
or flange mounted stripline parts used for 1- to 4-watt 
drivers. 
This conversion should normally offer a signifi 
cant savings in the cost of parts as well as the costs of 
mounting hardware and labor. 


The designerof compact handheld radio equipment will 


Fixture for Functional Testing of the Common Emitter TO-39 


T 
STYLE 5: 


PIN 
I. 
COLLECTOR 


2 
BASE 
3 
EMITTER 


find the C1I-T039 offers a real advantage from the elimi 
nation of interstage R1T or coupling because the can is 
at rf ground. Stability is usually improvedand the higher 
available gain may reduce the number of transmitter 
stages. 
Simplified and improved cooling may also be 
obtained by connecting the can directly to the radio 
housing or chassis. 


To sum it up: 
The emitter-to-can wired TO-39 known 
as the CE-T039 offers the designer significant improve 
ments in both gain and thermal performance. Because of 
its price, compared to SOE and TO-60 packages, the 
designer can use the CE-T039 to reduce costs. And he 
can make his design easier to assemble with no loss in 
rf performance. 
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AMPLIFIER GAINS 10 dB OVER NINE OCTAVES 


Prepared by: 
Mike Hadley 
Industrial Applications Engineer 


The introduction of Motorola encapsulated transistors 
fabricated with ion-implanted arsenic emitters has made 
a reality of economical small-signal amplifiers with band- 
widths 
exceeding 
1 GHz. 
The 
recently 
developed 
MRF90I, an example of this technology, has an fj ex 
ceeding 4.5 GHz, and a maximum noise figure at 1 GHz 
of 2.5 dB. The device package (case 302) employs the 
Motorola dual emitter bonding concept 
to minimize 
parasitic 
inductance 
and 
enhance 
high-frequency 
performance. 


Using the MRF901, an amplifier has been developed 
which exhibits a nominal gain of 10 dB over nine 
octaves of bandwidth. 
The circuit design is a class A 
amplifier employing both ac and dc feedback. 
Bias is 
stabilized at 15 mA of collector current using dc feed 


back from the collector. The ac feedback from collector 
to base, and in each of the partially bypassed emitter 
circuits, compensates for the increase in device gain with 
decreasing 
frequency, yielding a flat response over a 
maximum bandwidth. 
Transistor S parameters, as pro 
vided by the MRF901 
data sheet, and computer-aided 
circuit optimization techniques were used lo choose 
component values for gain flatness, input VSWR and 
output VSWR. The described performance was achieved 
using common high-frequency amplifier construction 
techniques and a standard printed circuit board substrate. 
Even belter results could be expected from the use of 
today's hybrid circuit technology. 


Evaluationof Ihe amplifiershows a nominal 10(IB power 
gain from 3 Mil/ to 1.4 GHz. 
With only a minimum 


matching network used at the amplifier input, the input 
VSWR remains less than 2.5:1 to approximately 1 GHz 
while the output VSWR stays under 2:1 to approximately 
1.4 GHz (figure 2). If input impedance matching were of 
prime consideration, connecting a 2.1 pF capacitor from 
the junction of CI and Zl to ground (C6 in figure 1) 
would hold input VSWR below 2.2:1 overthe complete 
frequency range (figure 3). Note that a slight degrada 
tion in gain flatness and output VSWR occurs with the 
addition of C6. A more elaborate network design would 
probably optimize impedance matching while maintain 
ing gain flatness. 


The amplifier was built ona glass Tcflon®printed circuit 
board 1.8"X 1.2". A 2:1 reproduction of the circuit pat 
tern is provided in figure 4. The type OSM215 50-ohm 
input and output connectors were mounted opposite Ihe 
component side to facilitate laboratory measurements. 
Board size could be reduced to approximately half by 
reducing the ground plane around the circuit perimeter. 
A combination of chip capacitors, chip resistors and 
standard carbon resistors were used to obtain maximum 
performance at minimum cost. 


Extra care was taken to keep all component lead lengths 
to an absolute minimum and to provide a good ground 
plane. 
In the interest of maintaining a good ground, 
copper foil was soldered at the board edges to connect 
the top and bottom circuit grounds, and an eyelet was 


inserted near each emitter lead. 


MOTOROLA RF DEVICE DATA 


7-337 


EB37 


Figure 1. Schematic Diagram 
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OUTPUT 


C1-C3- 2200 pF chip capacitor 
Z3- 0.3" x 0.125" microstrip line 
R<1 
- 
560 SI carbon resistor 
C4. C5- 6.5 pF chip capacitor 
Rl- 200 f>. 1/8" W. ±5% carbon 
R5, R6 
- 
15 P. ±5% chip resistor 
C6 
- Optional 2.1 pF chipcapacitor 
resistor 
Substrate- 1 oz. copper, double-sided glass Tetlon® 
Z1 
- 0.3" x 0.125" microstrip line 
R2- 4.3 kil carbon resistor 
board 0.0625" thick, c, » 2.5 
Z2 
- 0.15"x 0.125" microstrip line 
R3-680 H carbon resistor 
®Registered trademark of DuPont 


Figure 3. 
Gain and VSWR vs Frequency with Matching Capacitor C6 
Ga 
Figure 2. 
in and VSWR vs Frequency 
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Figure 4. 
Amplifier PCB Artwork 
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MEASURING THE INTERMODULATION DISTORTION 
OF LINEAR AMPLIFIERS 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


The measured distortion of a linear amplifier, normally 
called Intermodulation Distortion (IMD). is expressed as 
the power in decibels below the amplifier's peak power 
or below that of one of the tones employed to produce 
the complex test signal. 


A signal of three or more tones is used in certain video 


IMD tests, but two tones are common for HF SSB. 
The 
two-tone test signal provides a standard, controlled test 
method, whereas the human voice contains an unknown 
numberof frequencies of various amplitudes andcouldn't 
be used for accurate power and linearity measurements. 
Separation of the two tones, for voice operation equip 
ment, may be from 300 Hz to 3 kHz. 1 kHz being a 
standard adopted by the industry. 


Generation of the Test Signal 


The two-tone IMD test signal can be generated by a num 
ber of means of which the following three are the most 


common: 


System A -A two-tone audio signal is formed by algebra 
ically adding two sine wave voltages of equal amplitude 
which are not harmonically related, e.g.. 800 Hz and 1.8 
• 


LOWER 
SIDEBAND 
i 


ER 
UPPEF 
SIDEBAND 


'0-«2 
'o—'1 
'0 
'0 + '1 
«0+'2 


kHz. 
This two-tone audio signal is fed into a balanced 
modulator together with an RF carrier, one sideband 
filtered out, and the resultant further mixed to the de 
sired frequency and then amplified. The system is useful 
in testing complete SSB transmitters. 
A commercial 
transmitter can also be used as a signal source for testing 
linear amplifiers. 


System B-In this method, a signal of approximately 
500 Hz is fed into a balanced modulator together with 
an RF carrier and amplified to the required power level. 


LOWER 
UPPER 
SIDEBAND 


4-1 kHz-* 


CARRIER 


SIDEBAND 


to-ti 
fo 
«0+'l 


SYSTEM I) 
The resultant is a double-sideband signal that resembles 
a single-sideband signal generated under two-tone sine 
wave conditions. Viewed on a scope screen, the envelope 
produced by this method appears the same as a SSB two- 
tone pattern. However, unlike the System A test signal, 
there is a controlled and fixed phase relationship between 
ihe two output tones. 
This system is widely employed 
to generate the test signal for linearity measurements. 


System C Two equal amplitude RF signals, separated in 
frequency by I kHz, are algebraically added in a hybrid 
coupler. 
The isolation between input ports must be 
high enough to avoid interaction between the two RF 
signal generators. 
Short-term stability (jitter) should be 
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less than one part per million at 30 MHz. The carrier is 
nonexistent as compared to A and B. and the two-tone 
signal is generated as the RF voltages cancel or add at 
the rate of their difference frequency according to their 
instantaneous phase angles. 
Because no active compo 
nents are involved, very low IM distortion is achievable. 
This system is useful in applications where low distortion 
and low power levels arc required. 


Except for the position of the carrier in respect to the 
two tones, displays of the signals produced by systems 
A. B and C appear identical on a spectrum analyzer 
screen. Sometimes, however, the suppressed carrier may 
remain below the noise level of the instrument. 
Any 
spectrum analyzer used for SSB linearity measurements 
must have an 
IF bandwidth of less than 50 Hz to allow 
the two closely spaced tones to be displayed with good 
resolution. 
Figure 1 shows a low distortion, two-tone 
envelope displayed on a scope screen. 
On a spectrum 
analyzer screen the same signal displays as two discrete 
frequencies separated by the difference of the audio fre 
quency or frequencies. See figure 2. The display repre 
sents the rate at which peak power occurs when the two 
frequencies are in phaseand the voltagesadd. Thus, one 
peak contains one-fourth (-6 dB) of the peak envelope 
power (PEP). 
An average reading power meter would 
read the combined power of the tones, or half the PEP, 
assuming the envelope distortion is negligible. The third 
order distortion products (d3>, fifth order (d5>. etc., 
can be seen on each side of the tones. The actual power 
(PEP) of each distortion product can be obtained by 
deducting the number of decibels indicated by the ana 
lyzer from the average power. This value may be useful 
in determining the linearity requirements of the signal 
source. While the maximum permissible distortion levels 
of the driver stages in a multi-stage amplifier may be 
difficult to specify, a 5- to 6-dB margin is usually con 


sidered sufficient. 


Types of Distortion 


The nonlinear 
transfer characteristics of active devices 
are the main cause of amplitude distortion, which is 


EB38 


both device and circuit dependent. On the other hand, 
harmonic and phase distortion, also present in linear 
amplifiers, are predominantly circuit dependent. 
Even 
order harmonics, particularly noticeable in broadband 
designs, cause the harmonic distortion. Push-pulldesign 


will 
eliminate most of the even-order-catised harmonic 
distortion and the driver stages, where efficiency is of 
less concern, can be biased to class A. 


Phase distortion can be caused by any amplitude or fre 
quency sensitive components, such as ceramic capacitors 
or high-Q inductors, and is usually present in multi-stage 
amplifiers. This distortion may have a positive or nega 
tive sign, resulting in occasions where the level of some 
of the final IMD products (d3 or d5.or both) may be 
lower than that of the driving signal, due to cancelling 
effects of opposite phases. Actual levels depend on the 
relative magnitude of each distortion product present. 


From the above it is apparent that the distortion figures 
presented by the spectrum analyzer represent a combina 
tion of amplitude, harmonic and phase distortion. 


Measurement Standards 


As indicated earlier, there are two standard methods of 
measuring the IM distortion: 


Method L—In military standard (1131 A-2204B), the dis 
tortion products arc referenced lo one of the two tones 
of the test signal. The maximum permissible IMD is not 
specified but. numbers like -35 dB are not uncommon in 
some equipment specifications. 
However, when 
this 
measuring system is employed in industrial applications, 
the IMD requirement (dj) is usually relaxed to -30 dB. 
Figure 3 shows the frequency spectrum of IM distortion 
products and their relative amplitudes for a typical class 
AB linear amplifier. 
Biasing the amplifier more toward 
class B will cause the lower order distortion products to 
go down and the amplitudes of the higher order products 
to increase. There is a bias point where the d-} and d5 
products become equal resultingin 2-5 dB improvement 
in the lower order IMD readings. 


Method 2-In the proposed EIA standard, the amplitude 
of the distortion products is referenced to the peak en 
velope power, which is 6 dB higher in power than that 
represented by one of the two tones. The amplifier or 
device indicating a maximum distortion level of -30 dB 
in Method 1 represents -36 dB with the EIA proposed 
standard. 
Conversely, a -30 dB reading with ElA's PEP 
reference would be -24 dB when measured with the 
more conservative military method. In practical measure 
ments, the two tones can be adjusted 6 dB down from 
the zero dB line, and direct IMD readings can be obtained 
on the calibrated scale of the analyzer. Alternatively, the 
lone peaks can be set to the zero dB level and 6 dB de 
ducted from the actual reading. 
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RGURE 1. Two-tone test pattern generated by A, 11 or C. 
FIGURE 2. Test signal of figure I displayed by aspectrum analyzer. 3rd 
and Sth order distortion products are visible. 
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FIGURE 3. Typical distribution Of distortion product amplitude.', 
compared lo the two fundamental frequency components. 


The military standard, with the relaxed 
-30 dB IMD 
specification, is employed by most manufacturers of 
high power commercial transmitters and marine radio 
base stations. *Tlic EIA measuring method is used by 
the majority of ham radio equipment and CB radio man 


ufacturers. 
It 
is also used 
to measure IMD in various 
mobile radio applications operating from a I2.5-V nomi 
nal dc supply. 
Because of the importance to your design, data sheets of 
the newer generation Motorola devices specify linearity 
tests appropriate to the expected application of the par 
ticular device and tesi conditions are always indicated. 


•FCC specifications are now in effect covering maximum 
permissible distortion up to the 
llth order products. 
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140W (PEP) AMATEUR RADIO LINEAR AMPLIFIER 2-30 MHz 


R2 
R7 
Rl 
C4 
R4 
R5 
03 
C9 
C5 
RFC1 
C6 
C7 


The popularity of 2-30 MHz, SSB, Solid State, linear 
amplifiers is increasing in the amateur market. This EB 
describes an inexpensive, easy to construct amplifier and 
some pertinent performance information. The amplifier 
uses two MRF454 devices. These transistors arc specified 
at 80 Watts power output with 5 Watts of input drive, 


30 MHz, and 12.5 Vdc. The MRF454 is used because it 
is a readily available device and has the high saturation 
power and ruggedness desired for this application. This 
device is not characterized for SSB. However, IMD specs 
for the amplifier are shown in Figures 2 and 3. 
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THE AMPLIFIER 


The performance of the amplifier can be seen in Figures 
1, 2, 3, 5, 6, 7 and 8. The quiescent current is 500 mA 
on each device. This amount of bias was needed to pre 
vent "crossover" at the higher output powersduring SSB 
operation. The amplifier operates across the 2-30 MHz 
band with relatively flat gain response and reaches gain 
saturation at approximately 210 Watts of output power. 
Figure 5depicts the amplitude modulated waveformwith 
respect to a 100-Watt carrier. Figure 6 depicts the in 
creasedamplitude modulation at 50-Wattcarrier. In both 
cases the peak output power is equal to approximately 
210 Watts due to the saturation of the MRF454. The 50- 
Watt carrier is thus recommended in any amplitude mod 
ulated applications. 


The bias diode D2 has been mounted in the heatsink for 
temperature tracking. The cathode is pressed into the 
heatsink and the anode extends through the circuit 
board. (See Figure 9.) Both input and output trans 
formers are 4:1 turns ratio (16:1 impedance ratio) to 
achieve low input SWR across the specified band and a 
high saturation capability. Tl* is made from FairRite 
Products, ferrite beads, material #77, .375" O.D. x .187/ 
.200" LD. x .44L".T2* is made from Stackpole Co. ferrite 
sleeves #57-3238-7D. 


When using this design, it is important to interconnect 
the ground plane on the bottom of the board to the top; 
especially at the emitters of the MRF454s. Eyelets were 
used in this design, which are easier to apply, but #18 
AWG wire can be used. On the photomask, (see Figure 
10) ":" signifies where the ground plane has been inter 
connected. The letter "O" designates where the 4-40 
screws are installed to fasten the board to the heatsink. 
6-32 nuts are used as spacers on the 4-40 screws be 
tween the board and the heatsink to keep the board from 
touching the heatsink. 


THE DESIGN 


This amplifier was designed for simplicity. The design 
goal was to allow repeatability of assembly and reduce 
the numberof components used. The amplifier will accept 
Single Side Band or Amplitude Modulation without ex 
ternal switching. A carrier operated relay circuit is on 
the same layout to make this an easy amplifier to add 
on to any suitable radio with an RF output of 1.0-5.0 
Watts. All components used are readily available at most 
distributors and are relatively inexpensive. 


••Ref: Application Notqi 
AN749 BroadBand Transformers and Power Combining 
Techniques for RF — H. Granberg 


AN762 Linaar Amplifiers for Mobtlo Oporotlon - 
H. Qranbarg 


NOTE: Parts and Kits for this amplifier are available 
from: 


Communications Concepts 
121 Brown St. 
Dayton, Ohio 45402 
(513) 220-9677 
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C1 
= 33 pF Dipped Mica 


C2 
= 
18 pF Dipped Mica 
C3 
= 
10 pF 35 Vdc for AM operation, 
100 pf 35 Vdc for SSB operation. 


C4 
= .1/iFErie 
C5 
= 10//F 35 Vdc Electrolytic 
C6 
= 1 pP Tantalum 
C7 
= .001 pF Eri3 Disc 
C8, 9 
= 330 pF Dipped Mica 


R1 
= 
100 k£2 1/4 W Resistor 
R2, 3 
= 10 k£2 1/4 W Resistor 


R4 
= 33 fl 5 W Wire Wound Resistor 
R5,6 
=10fi 1/2 W Resistor 


EB63 


R7 
8 
100S2 1/4W Resistor 


RFC1 
= 
9 Ferroxcube Beads on #18 AWG Wire 


D1 
= 
1N4001 


D2 
= 
1N4997 


0.1,0.2 
= 
2N4401 
Q3.4 
= 
MRF454 
T1.T2 
= 
16:1 Transformers 


C20 
= 
910 pF Dipped Mica 


C21 
SS 
1100 pF Dipped Mica 


C10 
= 
24 pF Dipped Mica 


C22 
= 
500 u? 3 Vdc Electrolytic 


K1 
n 
Potter & Brumfield 
KT11A 12 Vdc Relay or Equivalent 


FIGURE 4—Schematic Diagram 
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Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi 
tions: 
f = 30 MHz; Pin = 2.2 Watts; 
Pout = 100 Watts (carrier); Vqc = 
13.6 Vdc 


I>so*v 
>200nS 


Amplitude Modulated Waveform with 
Superimposed Carrier. Carrier Condi 
tions: 
f = 30 MHz; Pjn = 1.3 Watt; 
Pout = 50 Watts; Vcc = 13-6 Vdc 
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Frequency Spectrum, 30 MHz (F(rj), 2nd, 3rd, and 
5th harmonics are visible). Vertical resolution: 
10 dB/div. Horizontal 20MHz/div. 


INTERMODULATION 
DISTORTION, 
30, 
30.001 
MHz 
(3rd, 5th, 7th, 9th) order distortion products 


are visible. Vertical resolution: 10 dB/div. Horizontal: 


1KHz/div. 


FIGURE 8 


Anodo Lend ol 
IN4997 


6-32 Nut Space 
h 
'^AA//////>^///^///A 


FIGURE 9 - Mounting Detail of IN4997 and 6-32 Nut (Spacer) 
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FIGURE 10-Photomaster (Positive) 


Note: The use of this amplifier is illegal for Class D Citizen Bend service 
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A 10 WATT 225-400 MHz AMPLIFIER — MRF331 


Prepared by 
Dave Hollander 
RF Power Engineering 


This bulletin describes a broadband amplifier covering 
ihe 225-400 MHz military communications band pro 
ducing 10 wall RF output power and operating from 
a 28 volt supply. Tiie amplifier can be used as a driver for 
higher 
power 
devices 
such as 
2N6439 and 
MRF327. 
Typical 
performance 
curves arc shown in Figures 5. 
6. and 7. 


Circuit Description 
The circuit is designed to be driven by a 50 ohm source 
and operate 
into a nominal 50 ohm load. The input 
matching network' consists of a 7r-section composed of 
C3, C4. Z2, C5 and C6. C2 is a dc blocking capacitor, 
and Tl 
is a 4:1 impedance ratio coaxial transformer. Zl 
is a 50 ohm transmission line. A compensation network 
consisting of RI. CI. and Ll isused to improve theinput 
VSWR and Flatten the gain response of the amplifier. 
L2 and a small ferrite bead make up the basebiaschoke. 
The output 
network is made up of a microstrip 
L-sectionconsisting of Z3 and C7. and a high passsection 
consisting of C8 and L3. C8 also servesas a dc blocking 
capacitor. 


FIGURE 1 - 
Componeni Layout of the Amplifier 


Collector decoupling is accomplished through the use 
of L4. L5. C9, C10. CI I. CI 2. and C13. 


Construction 
The 
circuit 
is constructed 
on 
a 
3.375 
X 
2.5 
inch 
(8.57 X 6.35 cm) double sided PC board. Board material 
is 3M Glass Teflon,* with 
a thickness of 0.031 
inch 
(0.0787 cm). Glass Teflon was selected for its low loss 
and dielectric consistency. Figure 2 is a 1:1 scale photo 
master print of the top side of ihe board. Eyelets are 
placed at the points marked by plus signs. The eyelets are 
soldered to both sides of the PCB to control ground 
current return paths. The edges of the transistor mounting 
hole beneath the emitter leads are also wrapped, using 
copper foil soldered in place to insure a solid emitter 
ground.2,3 Due to a ground imbalance caused by the 
transformer, a componeni placement layout of the RF 
circuitry is shown in Figure 1. It is important that this 
layout 
is followed 
in order 
to duplicate performance. 
Construction details of the 4:1 
transfonner are shown 
in Figure 4. 
'Registered Trademark of Duponi 
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NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 2 - 
Printed Circuit Board Layout 
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C1 -8.2pF Chip* 
C2 - 
270 pF Chip' 
C3 - 
36 pF Chip- 
C4, C7 - 
15 pF Chip* 
C5. C6 - 
SO pF Chip* 
C8 - 82 pF Chip* 
C9. C12 - 
680 pF Feedthru 
CIO, C13 - 
1.0 *iF 50 V Tantalum 
C11 - 
0.1 uF Erie Redcap 


Ll, L3 - 
3 Turnt #22 AWG 1/8" (3.175 mm) ID 
L2 - 
0.15 MH Molded Choke 
L4 - 
0.15 jiH Molded Choke with Forroxcubo Bead 
(Forroxcubo 56-590-65/4B on Ground End 
of Choke) 
L5 - 
Ferroxcube VK200-19/4B 


•100 mil A.C.I. Chip Capacitor! 
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Rl - 
36 n 
1/4 Watt 


Tl - 
25 n Subminiature Coax (Type UT34-2S) 
1.75 inches (44.45 mml long 


Zl - 
Microstrip Lino 
720 mils L X 162 mils W 
18.29 mm L X 4.115 mm W 


Z2 — Microstrip Lino 
680 mils LX 
162 mils W 
17.27 mm L X 4.115 mm W 


Z3 — Microstrip Lino 
2200 mils L X 50 mils W 
55.88 mm L X 1.27 mm W 


Board - 
0.0625" (1.588 i 
tr = 2.56 


Q1 - 
MRF331 


n) Glass Teflon. 


FIGURE 3 —Schematic Diagram and Component List 


Transformer Dimensions 
(not to scale) 


Transformer Connections 


SCHEMATIC REPRESENTATION 


B 


ASSEMBLY AND PICTORIAL 
©- 


Q - 1.75 Inches (4.445 cm) 
(b) - 0.1875 Inch (0.476 cm) 


*M 
t" 


—j© — 


FIGURE 4 — Construction Details of 
4:1 Impedance Ratio Transformer 
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AMPLIFIER PERFORMANCE 


FIGURE 5 — Power Gain and Efficiency versus Frequency 
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FIGURE 6 - Output Power versus Input Power 
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FIGURE 7 - Input VSWR versus Frequency 
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FIGURE 8 - 
Amplifier Assembly 
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A 60-WATT 225-400 MHz AMPLIFIER — 2N6439 


Prepared by 
Dave Hollander 


This bulletin describes a 60 watt, 28 volt broadband 
amplifier covering the 225-400 MHz military com 
munications band. The amplifier may be used singly as a 
60 watt output stagein a 225-400 MHz transmitter,orby 
using two of these amplifiers combined with quadrature 
couplers, a 100 watt output amplifier stage may be con 
structed. Typical performance curves of gain,efficiency, 
and input SWRare shown in Figures 5. 6. and 7. 


Circuit Description 
This circuit is designed to be driven from a 50 ohm 
source and work into a nominal 50 ohm load. The input 
network consists of two microstrip L-sections composed 
of Zl, Z2 and C2 through C6.CI serves as a dcblocking 
capacitor. A 4:1 impedance ratio coaxial transformer Tl 
completes the input matching network. LI and ferrite 
bead serveas a basedecouplingchoke. 
The output circuit consists of shunt inductor L2 at 
the collector, followed by two microstrip L-sections 
composed of Z3. Z4 and C8 through CI I. CI2 servesas 


2N6439 
GAIN 
BLOCK 
DSH 


FIGURE 1 - 
Component Layout of tho Amplifier 


a dc blocking capacitor, and is followed by another 4:1 
impedance ratio coaxial transformer. 
Collector decoupling is accomplished through the use 
of L3. L4. C14 through C16 and R1. 


Construction 
The circuit is constructed on a 3.375 X 2.5 inch (8.57 
X 6.35 cm) double sided PC board. Board material is 
3M Glass Teflon*, with a thickness of 0.031 inch (0.0787 
cm). Glass Teflon was selected for its low loss and dielec 
tric consistency. Figure 2 is a photomaster print of the 
top side of the board. Eyelets are placed at the points 
marked by a plus sign to carry the top ground to the 
bottom side ground return. The edges of the transistor 
mounting hole beneath the emitter leads are also wrapped, 
using copper foil soldered in place to insure a solid emitter 
ground.! 1-2)Construction detailsof the 4:1 transformers 
are shown in Figure 4. 


♦Registered Trademark of DuPont 
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NOTE: The Printed Circuit Board shown is 75% of the original. 
FIGURE 2 — Photomaster of Circuit Board 


MOTOROLA RF DEVICE DATA 


7-352 


CI -63pF Chip 
C2. C8 - 
27 pF Chip 
C3- 24 pF Chip 
C4- 15 pF Chip 
C5, C9- 30 pF Chip 
C6. C7- 50 pF Chip 
CIO- lOpF Chip 
C11 - 
5.1 pF Chip 
C12 - 
150pF Chip 
C13- 270 pF Chip 
C14, C16 - 680 pF Feedthru 
C15 — 1.0 uF 50 V Tantalum 
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I 
\A/V 
I—rrwu _ -o—« 
o1 
T^14 
"16 « 
"R16 
?" 


All Chip Copocitors are 100 mil TDK-ACI Co. 
Stylo FC282 BAG 
Ll - 
O.ISjuH Molded Choke with Forroxcubo 
Bead #56-590 65/4B on ground end of coil 
L2 - 
1 Turn #22 AWG. 1/8" ID 
L3 - 
0.15 mH Molded Choko 
L4 - 
Forroxcubo VK-200-19/4B 


QI - 
2N6439 


R1 - 
10 n 
2 Watt 


Tl, T2 - 
25 ft Subminiature Coax IType UT25) 
2.25 inches (57.15 mm) long 


21 — Microttrip Lino 
800 mils L X 225 mils W 
20.32 mm L X 5.715 mm W 
22 — Microstrip Lino 
200 mils L X 225 mils W 
5.08 mm L X 5.715 mm W 
23, 24 — Microstrip Lino 
550 mils L X 125 mils W 
13.97 mm L X 3.175 mm W 


Board - 
0.031" (0.787 mm) Glass Teflon 
e, - 2.56 


FIGURE 3 - 2N6439 60 Watt Building Block 225-400 MHz 


SCHEMATIC REPRESENTATION 


A 
B 
-O " 12.5 n 


ASSEMBLY AND PICTORIAL 


-0Z 


© 


ransformer Dimensions 
not to scale) 
QI 
—1© — 


© 


(a) - 2.25 inchos (5.715 cm) 


(a) - 0.1875 inch (0.476 cm) 


Transformer Connections 


FIGURE 4 - Construction Details of the 4:1 Unbalanced to Unbalanced Transformers 


MOTOROLA RF DEVICE DATA 


7-353 


EB77 


AMPLIFIER PERFORMANCE 


FIGURE 5 —Power Gain versus Frequency 
Efficiency versus Frequency 
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FIGURE 6 — Output Power versus Input Power 
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FIGURE 7 - 
Input VSWR versus Frequency 
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FIGURE 8 - Amplifier Assombly 
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NOTE: A 10 Watt 225-400 Mllz Amplifier-MRF331 is 
described in Engineering Bulletin FB-74. 
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A 1-WATT, 2.3 GHz AMPLIFIER 


Introduction 


Simplicity and repeatability are featured in this 
1-watt S-band amplifier design. The design uses an 
MRF2001 transistor as a common base, Class Campli 
fier. The amplifier delivers 1-watt output with 8 dB 
minimum gain at 24 V, and is tunable from 2.25 to 2.35 
GHz. Applications include microwave communica 
tions equipment and other systems requiring medium 
power, narrow band amplification. A photograph of 
the amplifier is shown in Figure 1. 


Circuit Description 
The amplifier circuitry consists almost entirely of 
distributed microstrip elements. A total of six addi 
tional components, including the 
MRF2001, are 
required to build a working amplifier. Refer to Figure 2 
for the schematic diagram of the amplifier. 


EB89 


FIGURE 1 - 
1-W. 2.3 GHz Amplifier 


RF 
Inpu;>-© 


C1 — 0.4-2.5 pF Johanson 7285" 
C2. C3 — 68 pF. 50 mil ATC" 
C4 — 0.1 pf. 50 V 
C5 - 
4 7 PF. 50 V Tantalum 


Z1-Z10 — Microstrip. soe Photomaster, Figure 3 


L 


JnCI 


1—t—r 
__C3 __C4 Jet 
-/ 
vcc 
N 
'24 \ 


-$-< 
Output 


Board Material — 0 0625" 3M Glass Teflon."' 
tr =2.5*0 05 
•Johanson Manulacturing Corp. 400 RockawayValleyRoad. Boonion. NJ 07005 
"American TechnicalCeramics.One Norden Lane. Huntington Station. NY 11746 
•"Registered Trademark ol Du Pont 


FIGURE 2 — Schematic Diagram 
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The input and output impedances of the transistor 
are matched to 50 ohms by double section low pass 
networks. The networks are designed to provide about 
3% 1dB power bandwidth while maintaining a collec 
tor efficiency of approximately 30%. There is one 
tuning adjustment in the amplifier —Cl in the output 
network. Ceramic chip capacitors, C2 and C3, are used 
for DC blocking and power supply decoupling. Addi 
tional low frequency decoupling is provided by capac 
itors C4 and C5. Refer to Figure 3 for a 1:1photomaster 
of the circuit boards. 


NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 3 — Circuit Photomaster 
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Amplifier Assembly 


The circuit boards are mounted on a 3.125" * 1.875" 
x 0.750" aluminum block. A 0.062" deep and 0.260" 
wide slot is milled in the heat sink as shown in 
Figure 4. 
The transistor mounts in the slot with two 4-40 
screws. An alternate approach that would eliminate 
the need for milling is the laminated structure shown 
in Figure 5. 
Using the laminated assembly, the transistor is 
mounted on the surface of the block and 0.062" alumi 
num shim stock is sandwiched between the block and 
the circuit boards. Connector mounting plates are 
required if SMA type connectors are used for the RF 
input and output. The SMA connectors can be fastened 
directly to the block if the milled approach is used. 
Either method results in the same performance for this 
1-watt design. The laminated structure, however, may 
not be suitable for higher power designs. With higher 
power levels the transistor impedances are lower. The 
RF ground impedance through the laminated metal 
may be sufficiently high to impair gain and stability. 
This point emphasizes the fact that the successful 
design of RF amplifiers is dependent notonlyon atten 
tion to electrical considerations, but to the physical 
construction as,well. While construction related para- 
sitics cannot be totally ignored at medium frequencies, 
they 
can 
pose 
serious problems at 
microwave 
frequencies. It is recommended that the following con 
struction techniques be followed when building this 
amplifier. 
Refer to Figure 6 
for the 
component 
placement diagram. 


Material — Aluminum 


All dimensions in inches 


A — Board Mounting Holes. Tap 2-56 8 Places 


B — Device Mounting Holes. Tap 4-40 2 Places 


C — Mounting Holes lor SMA Type Connectors. Tap 2-56 4 Places 


0000 
0.083 


FIGURE 4 — Amplifier Heat Sink 
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Aluminum Shim Stock 


Aluminum Block 


SMA Extended 
Dielectric Connector 


Connector 
Mounting Plate 


FIGURE 5 — Laminated Assembly 


Foil Wrap Asterisked Edges to Bottom Ground Plane 


FIGURE 6 — Assembly Diagram 


Construction Notes 


1. 
The transistor is fastened to the heat sink with 
two 4-40 screws. The mounting surface should be flat 
and clean. Thermal compound should not be used on 
the underside of this device; the flange provides the 
transistor base connection and must make good elec 
trical contact with the heat sink. The wide lead is the 
emitter and the narrow lead is the collector. 
2. 
The edges of the boards marked with an aster 
isk (see Figure 6) must be foil wrapped to the bottom 
ground plane to provide a low impedance RF ground 
connection for C3, C4, C5 and the emitter choke, Z9. 
This is accomplished by soldering a 1,'4"-wide strip of 
1-to 5-mil thick copper foil to the top ground plane and 
then wrapping it around the edge of the board. The 
other edge of the foil is soldered to the bottom ground 
plane. 
3. 
Use a s31 drill bit to drill the board mounting 
holes. With the transistor already mounted to the heat 
sink, slide the boards into position so they butt up 
against the transistor. This will insure that the excess 
lead inductance of the transistor is kept to a minimum. 


C4 
, 
C3 
C5 
ro 


• vcc 


The boards can now be fastened to the heat sink and 
the remaining components mounted. 
4. 
Use a minimum of heat when soldering C2 and 
CH. Excess heat could cause the end metal of the chip 
capacitor to separate from the ceramic. 
5. 
Cl is a miniature variable capacitor whose 
high self-resonant frequency makes it ideal for use at 
microwave frequencies. The package design makes it 
very convenient to use wherever a shunt capacitive 
element is des:red and is used here to vary the capaci 
tance of microstrip stub, Zo. The capacitor is mounted 
by drilling a 0.120" diameter hole (#31 drill bit) at the 
point indicated in Figure 6. Using the circuit board as 
a template, mark the point on the heat sink directly 
below the mounting hole. Since the capacitor is 
slightly longer than the thickness of the board, a 
clearance hole is needed at this point. The bottom of 
the capacitor is soldered to the ground plane on the 
bottom of the board. The flange of the capacitor is 
soldered to Z5. Avoid getting solder into the area above 
the flange as this will prevent the movement of the 
tuning piston. 
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Performance Data 
Amplifier tune-up is accomplished by adjusting Cl 
for maximum output power with minimum collector 
current. The amplifier will tune from 2.25 to 2.35 GHz 
while maintaining an input VSWR of less than 2:1. 
Typical performance curves appear in Figure 7. 
Figures 7a and 7b show performance with the 
amplifier re-tuned 
for each 
frequency. 
Figure 7c 
shows performance without re-tuning. Note from 
Figure 7c that the instantaneous 1dB bandwidth is 
approximately 70 MHz with the amplifier tuned to a 
center frequency of 2.3 GHz. 
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FIGURE 7b — Output Power versus Supply Voltage 


FIGURE 7 — Performance Curves 


1.4 


1.3 


1 
1 
Vcc-24Vdc 
1 


2.30 GHz 


2.35 GHz 


U.B 


80 
100 
120 
140 
1 


Pin, INPUT POWEH(mW) 


FIGURE 7a — Output Power versus Input Power 
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FIGURE 7c — Output Power. Efficiency and 
VSWR versus Frequency 


NOTE:The MRF2001 is one of a family of 2 GHz power transistors with RF 
output powers as indicated below: 


MRF2001 
1 W 
MRF2003 3W 
MRF2005 5W 
MRF2010 
10 W 
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LOW-COST VHF AMPLIFIER HAS BROADBAND 
PERFORMANCE 


Prepared by 


Ken Dufour 


Introduction 
This bulletin presents two VHF amplifier designs 
intended for FM or CW service in the 136-174 MHz 
band. Both amplifiers feature the Motorola MRF260 
and MRF262 plastic encased VHF transitors which 
are rated at5.0 Wand 15Wpower output respectively. 
This new series is derived from a line of highly 
successful device types of similar capability, but 
packaged in a standard configuration, (i.e.,stripline 


packages). The MRF260 and MRF262 are in a 
standard TO-220 silicone epoxy case with the emitter 
wired to the metal tab and center lead of the device. 
This common emitter configuration results in good 
RF performance, improved thermal conductivity, 
and ease of mounting in an RF amplifier, by con 
necting the transistor mounting flange to RF and 
DC ground. 


FIGURE 1 — Engineering Models. A Common Board Layout is Used for Both Versions 
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FIGURE 2 - 
136-160 MHz Amplifier 


FIGURE 3 — 160-174 MHz Amplifier 
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FIGURE4 —Schematic Diagram of Dipped Silvered Mica Capacitor Version (136-160 MHz) 


C1 — 200 pF 
CIO — 22 pF 
Q2 — MRF262 
C2 — 33 pF 
C11 — 100 pF 
RFC1. RFC2 — 2 Turns »26 Enameled 
C3 — 47 pF 
CI 2 — 1.0 iiF Tantalum 
on Ferriie Bead Ferroxcube 56-590-65/3 
C4- 18 pF 
C13. C14 — 0.05 ^F Erie Redcap 
RFC3 — 10 jiH Molded Choke 
C5. C8 — 43 pF 
L1-L5 — Printed Inductor 
RFC4 — 0.15 pH Molded Choke 
C6— 12pF 
L3 — 1.25" 018 AWG. 1-1/2 Turns. 9/64 ID 
RFC5. RFC6 — VK200-4B 
C7. C9 — 50 pF 
QI — MRF260 
B — Bead. Ferroxcube 56-590-65/3B 


FIGURE 5 — Component Placement. 136-160 MHz Amplifier 
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RFC5 
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FIGURE 6 — Schematic Diagram of Chip Capacitor Version (160-174 MHz) 


220 pF. TDK 100 mil Chip Capacitor 
43 pF. TDK 100 mil Chip Capacitor 
150pF,TDK 100 mil Chip Capacitor 
15 pF, TDK 100 mil Chip Capacitor 
63 pF. TDK 100 mil Chip Capacitor 
27 pF. TDK 100 mil Chip Capacitor 
22 pF. TDK 100 mil Chip Capacitor 
700 pF. TDK 100 mil Chip Capacitor 
1.0 pF Tantalum 
— 0.1 pf Erie Redcap. 100 V General Purpose 
— 0.05 ,iF Erie Redcap. 100 V General Purpose 


L1-L5 — Printed Inductor 
L3 — 5/8" #18 AWG Wire formed into hairpin loop 
Q1 — MRF260 
Q2 — MRF262 
RFC1. RFC2 — 2 Turns 826 Enameled Wire 
through Ferrile Bead Ferroxcube 56-590-65/3B 
RFC3 — 0.15 pH Molded Choke 
RFC4 - 
10 pH Molded Choke 
RFC5. RFC6 — VK200-4B 
B — Bead. Ferroxcube 56-590-65/3B 


FIGURE 7 — Component Placement. 160-174 MHz Amplifior 
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FIGURE 8 — Power Output versus Frequency. 
136-160 MHz Amplifier 
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FIGURE 9 — Power Output versus Frequency. 
160-174 MHz Amplifier 
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FIGURE 10 — Power Gain end Input VSWR 
versus Frequency. 136-160 MHz Amplifier 
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versus Frequency. 160-174 MHz Amplifier 
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FIGURE 13 - 
PCB Photomaster 
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FIGURE 12 — Output Spectrum 
136-160 MHz Model 
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Note: Grounding eyelet locations 
are indicated by dots. 


The Printed Circuit Board shown is 75% of the original. 
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Design Considerations 
The lower frequencies (136-160 MHz) are serviced 
by a design utilizing low-cost dipped silver mica 
capacitors. For a broadband response in the higher 
frequencies; (160-174MHz),lowinductance, ceramic 
chip capacitors are used. 
Ease of assembly, repeatability and fast economi 
cal construction received the utmost consideration 
in the design of this amplifier. TO-220 devices 
result in a low profile circuit which minimizes the 
volumeoccupied by the amplifier. Additionally, the 
MRF262 transistor used in the output stage is a 
rugged device, able to tolerate high load SWR 
conditions. Maximum use of printed inductors 
assures good repeatability. 
Both amplifiers utilize stagger tuned networks to 
enhance bandwidth. Additionally, each design 
retains excellent gain and stability characteristics 
when narrow banded. All of these merits are 
attributed to optimum device gain and the 
reasonably high inter-stage impedance levels 
incurred at these power levels. 


Circuit Description 
The amplifier has two stages and uses 5.0 W and 
15 W rated transistors to accomplish the desired 
gain and poweroutput.Twostage transmission line 
Chebyshev networks accomplish coupling and 
impedancetransformation at the input and output. 
Nominal impedance levels are 50 ohms, while the 
interstage network transforms device impedances 
directly. Values for the reactive elements of these 
networks were almost entirely generated by 
computer aided design. Although the interstage 
network is straight forward in design, it required 
some modification and refinement of computer 
generated values to achieve the final results and 
accomodate available component values. 


Construction 
The amplifier is assembled on double-sidedG-10 
fiberglass board with 1 oz. copper cladding. The 
format is 2.0" * 3.5" and a photomask is provided 
(Figure 13).Some method of electrically connecting 
the upper and lower ground plane is required. Eye 
lets or plated through holes are recommended, but 
alternative measures such as short pieces of wire 
soldered to both planes can be used successfully. 
Failure to provide an adequate or consistent ground 
planemayresultin poorRFperformance,instability, 
and unpredictable tuning. The reverse sideof the 
board retains all copper and forms the ground plane. 
Component placement and the recommended 
positionofgrounding eyeletsis shown in Figures 13, 
5, and 7. All component leads are positioned and 
soldered above the board. There are no through 
connections other than grounding points. This 
facilitates component positioning, replacement, 
and accessability. The transistors are fitted into a 
0.4"by 0.65" opening in the board and are installed 
directly against the heat sink. A coating of heat 
sink compound such as Dow Corning 340 between 
each device and the heat sink improves thermal 
contact and helps prevent power slump. 


Atfrequencies beyond100MHz, dippedsilvermica 
capacitors generally become inductive, and do so 
with a high degree of unpredictability. This 
phenomenon is also dependent upon component 
value and becomes more pronounced with an 
increase in frequency. (Ref: 1, 2, 3). To maintain 
predictable performance beyond 160MHz, a second, 
layout featuring ceramicchip capacitors is offered 
(Figure3,6,7).Thedesignofthesecapacitorsallows 
them to remain capacitive beyond the VHF frequen 
cies. Maintaining the bandwidth of 160-174 MHz 
with this circuit board, the networks become lossy 
and power output suffers slightly. Variable 
capacitorsmay makethis condition moretolerable 
and can be installed in the input and interstage 
networks. In some cases the ease of adjustment and 
added flexibility would justify the added cost of 
the variable capacitors. 
Performance 
Normally, this amplifier will not require tuning 
provided that components are as described and are 
positioned as shown on Figure 5and 7.If an accurate 
method of measuring power is available, a quick 
checkofamplifierperformancecan be accomplished 
by comparing its parameters with the performance 
data of Figures 8 through 11. Drive must be 
maintained at 220mW(±20 mW)andVcc held to 12.5 
Vdc to accurately reproduce the overall response 
noted here. Allow some degree of tolerance (10%)in 
outputpower to accountfor differences inherent in 
componentvalues and transistor performance. To 
assure broadband performance and tailored 
frequency response, the amplifiershouldbechecked 
using a swept frequency generator capable of 
200-300 mW output. Tuning for maximum power out 
and minimum reflected power at band centers will 
not necessarily provide a broadband response. 
Figures8through11graphicallydepicttypicallevels 
ofperformance achievedwith this amplifier. Either 
version is stable into higher than 3:1 VSWR load 
mismatch at all phase angles. The output device is 
tolerantofshortterm operationinto an open or short 
circuit load at full drive. 
Harmonic content of a 150 MHz signal at the out 
putofthe dipped silvermicaversionis illustratedin 
Figure12.The2ndharmonicisapproximately-50dB 
with respect to the fundamental. This level of 
performancecannot bemaintained across the entire 
band, therefore, some additional filtering of the 
outputsignal willberequiredto meet morestringent 
requirements. 
With the amplifier mounted on aluminum stock, 
2.0"x8.5"and 0.090"thick, a 25%duty cycle (1min on, 
4 min off) produced a temperature of 50°C (122°F) 
after two hours of operation. A 50%duty cycle(1 min 
on,1minoff)raised this temperature to60°C(140°F) 
and full key down operation caused a stabilized 
temperature of 80°C (176°F).All temperatures were 
measured on the heat sink at the final device with 
output powermaintained at 15watts. One can safely 
assume that a panelon the outside edge(i.e., back 
side) of a transceiver could be successfully used as a 
heat sink for this amplifier. 
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60 WATT VHF AMPLIFIER USES 
SPLITTING/COMBINING TECHNIQUES 


Prepared by 
Ken Dufour 
RF Product Group 


Using proven combining techniques to obtain 
higher output poweror added reliability at VHFcan be 
accomplished with excellent results. Simple matching 
networks and power transistors featuring moderate 
gain capability can produce a level of performance 
comparable to that of a single-stage amplifier using 
a larger, more expensive device. Though not the 
ultimate answer in VHF amplifier design, the splitter 
combiner method does have distinct advantages over 
designs that brute force the transistors into a parallel 
configuration. Current hogging and reduced imped 
ance level problems associated with that technique 


are minimized. The exotic materials or expensive 
board layout required to produce a true push-pull 
design operating at VHF again makes combining 
techniques more appealing. 
This 60 W amplifier operates from 150 to 175 MHz 
and features two. low-cost Motorola MRF261 transis 
tors. These devices are designed for operation at VHF 
and individually produce .SO watts of rated output 
power and 6.0 dB of gain with a 12.5 volt supply. The 
amplifier design makes use of a modified Wilkinson 
combiner technique to produce 60 watts output with a 
drive level of 15 watts. 


FIGURE 1 — Engineering Model 
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Design Considerations 
Experimental work with 90° (quadrature) couplers 
provedunsuitable forthis application. Generally, they 
aresensitiveto mismatch and tend to createinstability 
and loss of power when used in an amplifier. In-phase 
(Wilkinson) couplers provide an adequate solution to 
this problem.(Ref:1)They are relatively insensitive 
to phase changes and offer good bandwidth 
characteristics. 
Printed transmission lines for the frequency of 
interest can become somewhat cumbersome on 
standard circuit board material. Therefore, lumped 
reactances (Ll, 2,9,10 and Cl, 2,3,14,15,16, Figure 5) 
are used to simulate 70.7 ohm 1/4 wave transmission 
lines,the mainelementin the couplers.This approach 
not only conserves board space, but provides a means 
to compensate for small variations in associated 
component values. 
Microstrip techniques are incorporated in the 
amplifier networks to balance RF performance and 
promote reproducibility. Because of the lower circu 
lating currents and reduced component heating in 
the collector circuitry of low-powered stages, smaller 
capacitorscan be usedin the networksat that point 
than would be required for a single-ended 60 watt 
design.Separating the major heat producingdevices 
to two areas on the heatsink produces a more even 
heat transfer to the ambient air. The combined ampli 
fier presented here has good harmonic suppression 
(Figure8).Alow-passfilteringeffectisnoticeablewith 
the Wilkinson combiners. 


Construction and Alignment 
A1:1photomask ofthe circuitis providedin Figure9 
and double-sided G-10fiberglass board with two-ounce 
coppercladdingisrecommended forconstruction.The 
groundpointsare indicatedon the PCBphotomask. 
The inductors required for the splitter/combiner 
are constructedby winding the appropriate number of 


r 
~i 


200 mW 
' 


I 
EB-90 
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References 
1. Lawrence R. Laveller, "Two Phased Transistors 
Shortchange Class C Amps," Microwaves, Pg. 48- 
54, February, 1978. 


turns (closewound) on a temporary 1/8 inch formand 
then separatingthe individual turns by0.020inch. An 
Xacto number 11knife blade was used for this purpose 
and providesthe correctturns spacing. The 100-ohm 
isolation resistors, Rl and R2, must be noninductive 
and carbon composition resistors provedto beentirely 
adequate.In a properlytuned and balanced amplifier 
these resistors should remain fairly cool to the touch 
during normal operation. Each amplifierand coupler 
input and outputportisdesignedtobeterminated into 
50-ohms to facilitate testing into a 50-ohm system. 
APCB bridge(Figures 3 and 9)is used to carry all 
of the dc feed circuitry. It acts as a continuation of the 
ground plane and enhances circuit stability. Solid 
copper(0.027 inch) and double-sidedcircuit board 
were used as a construction medium and no difference 
in performance was notedwith either material. 
Initial alignment is accomplished by driving the 
amplifier with a 5 wattCW source at approximately 
160MHz. The applied voltage is set at 12.5volts and 
the variable capacitors, C4and C5,are adjusted in an 
alternating manner to provide maximum output power. 
Fulldrive (15watts) is then applied and the capacitor 
adjustments arerepeated. Atthis point,the circuitry 
should be delivering 60 watts or more to the 50-ohm 
load with the 15 watts input. After the final adjust 
ments are made, the isolation resistor temperature in 
eithercouplershouldberelatively cool tothetouchand 
theinputVSWR should beat a minimum. Bestresults 
will be obtained if the transistors are beta matched 
(±10%) priorto installing them in the circuit. 


Additional Comments 
This amplifier has been extensively tested for rug 
gedness and reproducibility. The15wattinputlevel 
makes it compatiblewith the EB-90 two-stage VHF 
amplifier as a driver. Together they form a chain 
requiring 200 mW of input power for a 60 watt or 
more output. 


2. Ernest J. Wilkinson; "An N-Way Hybrid Power 
Divider," PGM TT Transactions, pg. 116-118, 
January, 1960. 
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FIGURE 2 —Amplifier Layout - Top View 


FIGURE 3 - 
Component Placement 
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FIGURE 4 - 
PCB Bridgo Details 
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C1.C16 —25pFUnelco(J10l) 
C2, C3 — 15 pF CM04 Mica 
C4. C5 — 68 pF Standex 
C6. C7 — Arco 404 Variable 
C8. C9 — 150 pF Standex 
CIO. C11 — 56 pF Standex 
CI 2. CI 3 — 39 pF Standex 
C14.C15 —15 pF Standex 
CI7 — 100 ii? @ 16 V Electrolytic 
CI 8. C19. C20 — 680 pF Allen Bradley Feedthru 


^r-^ 


Ll, L2 — 7 Turns # 18. 0.125' ID 
L3, L4. L5. L6 — Printed Inductors 
L7, L8 — Printed Inductors 
L9. L10 — 7 Turns #18 AWG. 0.125 ID 
Ll 1. Ll 2 — 4 Turns #18 AWG. 0.250 ID w/Bead 
Q1.Q2 —MRF264 
RFC1, RFC2 — 0.1 S iiH Molded Choke w/Bead. 
Ferroxcube 56-530 65/3B 
RFC3. RFC4 — 4 Ferrite Beads each on #18 AWG 
R1 — 100 n 1/2W Carbon 
R2 — 100 O 2.0 W Carbon 


FIGURE 6 — Schematic - 60 W Amplifier 


1 
1 
P:.= 15 W 


\<cc= 12.5 V 


Pcut 
- 
1 


1 


VSWR 


1 
1 


155 
160 
165 
f. FREQUENCY (MHz| 


FIGURE 6 — Output Power, Efficiency, and 
Input VSWR versus Frequency 
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FIGURE 7 — Output Power versus Input Power 
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NOTE: The Printed Circuit Board shown is 75%of the original. 


FIGURE 8 - 
PCB Photomaster 
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GET 600 WATTS RF FROM FOUR POWER FETs 


Prepared by 
Helge Granberg 
Circuits Engineer, SSB 


This unique push-pull/parallel circuit produces a 
power outputof four devices withoutthe added loss 
and cost of power splitters and combiners. Motorola 
MRF150 RF powerFET makes it possible to parallel 
two or more devices at relatively high power levels. 
This technique is considered impractical for bipolar 
transistors due to their low input impedance. In a 
common-sourceamplifier configuration, a power FET 
has approximately five to ten times higher input 
impedance than a comparable bipolartransistor in a 
commonemittercircuit. The output impedance in both 
cases is determined by the dc supply voltage and power 
level. The limit to the number of FETs that can be 
paralleled is dictatedby physical,rather than electri 
cal restrictions, where the mutual inductance between 
the drains is the most critical aspect, limiting the upper 
frequencyrange ofoperation. The magnitude ofthese 
losses is relative to the impedance levels involved, and 
becomes more serious at lower supply voltages and 
higherpowerlevels. Sincetheminimum mounting dis 
tance of the transistors is limited by the package size, 
the only real improvement would be a multiple die 
package. Forhigherfrequency circuits, thesemutual 
inductances could be used as a part of the matching 
network,but it wouldseriouslylimit the bandwidth of 
the amplifier. This technique is popular with many 
VHF bipolar designs. 


In paralleling power FETs another important aspect 
must be considered: If the unity gain frequency (fa) of 
the device is sufficiently high, an oscillator will be 
created, where the paralleling inductances together 
with the gate and drain capacitances will form reso 
nant circuits. The feedback is obtained through the 
drain to gate capacitance (Crss), which will result in 
360° phase shift usually somewhere higher than the 
amplifier bandwidth. Thus, the oscillations may not 
be directly noticed in the amplifier output, but may 


have high amplitudes at the drains. This can becured 
byisolating the paralleling inductance, which consists 
of the dc blocking capacitors (C7-C10, Figure 2) and 
their wiring inductance from the gates. Low value non- 
inductive resistors which do notappreciably affect the 
system gain can be used for this purpose. 


FIGURE 1 - Photograph of the 600 Watt 2.0-30 MHz 
MOSFET Linear Amplifier 


CIRCUIT DESCRIPTION 
Figure 2shows a detailed schematic of the 600WRF 
FET amplifier. It can beoperated fromsupply voltages 
of 40 to 50 depending on linearity requirements. The 
bias for each device is independently adjustable, there 
fore no matching is required for the gate threshold 
voltages. Since the powergain of a MOSFET is largely 
dependent onthe drain bias current, only gm matching 
is required, and it can be only ± 10%. 
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FIGURE 2 — Detailed Schematic 
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81-R5—lOkTrimpot 
RS-1.0tn.DW 
B7-10Ohms 
R8-2JH 
R9.R21-R34—10k 
nto-m 


RI1-R14—lOOOhmi 
R15-R18-2.7 Ohms 
R19-R20-10 OtaaJU W Carbon 
R25- Thermistor. 10k|25°0.2.5k(75X1 
CI-Not used 
C2—820 pFCeramic chip 
C3-C6. C13.C14-0.1 MF Ceramic 
C7-C10 - 0.1 nfCeramic chip 
C11 —1200 pF each. 689 pF mica inparallel with enArea 469 
variable orthree ormeresmaller value mica capacitors 
inparallel 


The circuit board was designed to allow several dif 
ferent gate biasingconfigurations(Figure 3). In circuit 
"a", which is used in the amplifier described here, Dl 
serves a purpose of preventing positive voltage from 
getting fed back to the bias source in case of a drain- 
gate short in a FET. This protects the other three 
devices from gate overvoltage. C1-R2 combination 
establishes an RF shunt from the gate to ground, which 
is necessary for stabilization. R4 could also be used 
forthis purpose,but it would haveto bearelatively low 
value, resulting in unnecessary high current drain 
from the bias supply. Normally R4 is only a dc return 


C12- Notused 
CIS-10 /^F. 100V Electrolytic 
Ct6—1000pFCeramic 
C17, CI8- Two 0.1 pf. 100 VCeramic each. (ATC 200823 or 
equivalent) 
DMM-1N4I48 
05- 28VZener. 1N5362 orequivalent 
B1-B4- Ferrite Beads 
Ll,L2 - Two Fair-Rite 2673021601 ferrite beads each orequiv 
alent4:0*»H 
T1-T3-See text 
01-04—MRF150 
IC1-MC1723CP 
Allresistors V2W carbon ormetalfilm unlessotherwise 
designated. 


•Note: parts & kits for this amplifier are available from Communications 
Concepts. 121 Brown St., Dayton, Ohio 45402 (513) 220-9677 


to ground, which is required with Dl preventing an 
open circuit in one direction. R3 is a low value resis 
tor to prevent parasitic oscillations in a parallel FET 
circuit, as discussed earlier. Variations "b" and "c" 
are basically the same, except for R2, which can be 
used to control the amount of RF rectified by Dl. In 
addition to blocking the dc in one direction, Dl can 
be used for proportional biasing, in which the bias volt 
age increases with RF drive. This allows the initial idle 
currentto be set to a lower than normal value, increas 
ing the system efficiency. 
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FIGURE 3 — Various Bias Configurations 
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The gate de-Qingin these circuits is done with R4. 
Circuit "d" is another variation, where Dl is moved in 
series with Rl eliminating R4. The value of Rl must 
behigh topreventdestructionfromadrain-gateshort. 
The common bias is derived from IC1 (MC1723CP) 
which providesboth lineandloadregulation.The line 
voltageregulationis defeatedwhen the voltage to Pin 
12 falls below 24 V, and the bias input can be used for 
Automatic Level Control (ALC) shut-down or linear 
ALC function. The regulator output voltage is adjust 
able from 0.5 to 9.0 volts with R5, which can be perma 
nently set to 7.0-8.0 V. This voltageis alsocontrolled 
by the combination of RIO and R25. R25 is a ther 


mistor, and is tied to the heat sink for bias temperature 
compensation. 
In Figure 2, the input from Tl is fed to the gates 
through C7-C10 andR15-R18. Theinputmatchingis 
initiallydone at the high endof the band(30 MHz). 
In contrast to a bipolar push-pull circuit, where the 
base-to-baseimpedancevarieswith classofoperation, 
the gate-to-gate impedance of a common source FET 
circuitis always twicethat from gate to ground. In 
this case, where twoFETsarein parallel oneachside, 
thegate-to-gate impedance equals the gate-to-ground 
impedance ofonedevice. From theSmithchart infor 
mation (Figure4)this can beestablished as3.45ohms. 


FIGURE 4 — Series Equivalent Impedance 


= Conjugate oftheoptimum loadimpedance into 
which the device operates at a given output 
power, voltage,and frequency. 


Gate shunted by25 Ohms 
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The effect ofRl1-R14 and R21-R24 is minimal and can 
bedisregarded. Considering the standardintegersfor 
Tl impedance ratio, 9:1 withits 5.55 ohmssecondary 
appears to be the closest. This would set the values of 
R15-R18at 2.0ohmseach, which would result in 3.5dB 
gain loss,and about1.0W wouldbedissipatedin each 
resistor. For this reason it was decided to reduce their 
values to 1.0ohm, and trim the valuesof Cl and C2for 
lowestinputVSWR.Asatrade-off, theVSWRwillpeak 
slightly at 15-20 MHz, but still remain below 2:1. 


Negative feedback is derived from a winding in T2 
through R19 and R20. Its purpose is to equalize the 
loadimpedance forTl and reducethe amplifiergain 
atlowfrequencies. Sincethegatetosourcecapacitance 
of a MOSFET is fairly constant with frequency, the 
amountof feedback voltageis inversely proportional 
to its reactance. This function should be more or less 
linear, unlesstheinductive reactance ofTl istoolow, 
or if resonances occur somewhere in the circuit. No 
computer analysis (as in Reference 2) was performed 
on the negative feedback system. Instead a simple 
approach described in Reference 1 was taken, where 
the gain differencebetween2.0and 30MHzdetermines 
the feedback voltage required toequalize thevoltages 
of the secondary of Tl at these frequencies.With an 
input impedanceof 45ohms at 2.0MHz,and the feed 
back source delivering 15 V(RMS). (Pout =600 W) the 
values of R19 and R20 will be around 10ohms each. 
A ferritetoroidora two hole balun type corecan be 
usedfor T2.Relativelylow«imaterial withhighcurie 
temperature is recommended, since the minimum 
inductance requirement forthe dcfeed windingisless 
than 2.0pH.Dependingonthe material,T2canreach 
temperatures of200-250°C, which the wire insulation 


mustalso beableto withstand. Several differentoutput 
transformerconfigurations(T3)weretried,including 
atransmission line type in Figure5.Although difficult 
tomake,it hastheadvantage that lowpi,lowlossfer 
rite can be used with multiple turn windings. At this 
powerlevel,heatin theoutputtransformerwasamajor 
problem.High permeability materials, requiredin the 
metal tube and ferrite sleeve transformers could not be 
used because oftheir higher losses and low curie tem 
perature.On the other hand, low ui coreswith larger 
cross sectional areas were not readily available. To 
reachthe minimum inductance required for2.0MHz, 
two of these transformers, with low permeability fer 
ritecoreswereconnectedin series.Bothhave 9:1 impe 
dance ratios. Alternatively the secondaries can be 
connected in parallel with twice the number of turns 
(6)in each.Cl 1must withstand high RFcurrents, and 
must be soldered directlyacrossthe transformer pri 
mary connections. Regular mica orceramic capacitors 
cannotbeused,unless severalsmallervalues arepar 
alleled. 


PERFORMANCE 
Due to the mechanical proximity of the four MOS 
FETdevices, the RFgroundofthecircuitboardis poor, 
and results in 1.0-1.5dB gain loss at 30 MHz, which 
can be seen in Figure 6. The ground plane can be 
improvedby connecting all sourceleadstogether with 
a metal strap over the transistorcaps. Anothermethod 
isto placesolderlugsundereachtransistormounting 
screw, and solder each one to the nearest source lead. 
In this case,the heat sink willserveasthe RF ground. 
Although the 3rd order IM distortion is not excep 
tionally good, (Figures 6, 7) the worst case 5th order 


FIGURE5 — Number of Turns Shown is not Actual 
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products are better than -30 dB at all frequencies, and 
as can be expected with FETs, the 9th and higherorder 
products are in the -50 to -60 dB level. It can also be 
noticed from Figure 6, that the IMD does not increase 
at reduced powerlevels, as common with bipolarampli 
fiers. The even order outputharmoniccontentdepends 
greatly on the device balance as in any push-pull cir 
cuit. The worst case is at the low frequencies, where 
numbers like -30 to -40 dB for the 2nd harmonic is 
typical. The highest3rd harmonic amplitudeof-12dB 
is at 6.0-8.0 MHz carrier frequency. Information on 
suitable harmonic filters is available in Reference 3. 
The stability of the amplifier has been tested into a 
3:1load mismatch at all phase angles. It was found to 
be completely stable, even at reduced supply voltages. 


In a MOSFET (common source) the ratio of feedback 
capacitance to the input impedance is several times 
higherthan that ofa bipolartransistor (common emit 
ter). As a result, a properly designed FET circuit should 
be inherently more stable, especially under varying 
load conditions. 
It mustbe noted, that special attention mustbe given 
to the heat sink design for this unit With the 200-300 
watts of heat generated by the transistors in a small 
physical area, it must be conducted into a heat sink 
efficiently. This can be only done with high conduc 
tance material, such as copper. If aluminum heat sink 
is used, acopper heat spreaderis recommended between 
the transistor flanges and the heat sink surface. 


FIGURE 6 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


FIGURE 9 — Circuit Board Photo Master 
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A 30 WATT, 800 MHz AMPLIFIER DESIGN 


Prepared by 
Alan Wood 
Semiconductor Product Sector 


INTRODUCTION 
Simplicity and compactness mark the design of this 
30 Watt amplifier designed for the 800 MHzmobile com 
munications band. The amplifier uses the internally 
matched MRF844 transistor in a common base Class C 
configuration providing a minimum of 5.0 dB gain over 
a fixed tuned bandwidth of 800 to 870 MHz at 12.5 volts. 


a. Circuit Using Glass Teflon Laminate 


Lower manufacturing costs are of prime concern to land 
mobile equipmentsuppliers and single-board,fixedtuned 
transmitter amplifier designs are becomingincreasingly 
common. Two versions are therefore presented, one using 
glassteflonlaminate and the secondusing lessexpensive 
G-10 board. (Figure 1). 


Figure 1 — Two Versions of MRF844 Broadband Circuit 
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Board Material — See Text 


Rgure2 — Circuit Schematicof 30Watt 806-870 MHz Amplifier 


CIRCUIT DESCRIPTION 
The circuit is designed to be driven from a 50 ohm 
source and be terminated in a nominal 50 ohm load. Both 
input and output matching networks are similar in de 
sign and consist of two element short-step Chebyshev 
transmission line transformations fabricated as micro- 
strip lines (Reference 1). Mini-Underwood mica capaci 
tors are used at the input and output of the transistor, 
transforming the complex inductive impedance to an es 
sentially non-reactive real impedance over most of the 
band. A minimum of additional componentsprovidethe 
dc biasing and RF decoupling. Refer to Figure 2 for a 
schematic diagram ofthe amplifier. 
Design of microstrip circuits using a G-10 board ma 
terial is complicated by several factors. This is discussed 
in detail in Reference 2.The main points to be considered 
are, the lack ofcontrol over the dilectric constant in the 
manufacturing process; a greater tolerance in the dilec 
tric thickness than in the case of higher quality sub 
strates intended formicrostrip applications,andchanges 
in relative dilectric constant with frequency. Despite 
these apparent disadvantages, G-10 board can be used 
successfully if the ultimate in bandwidthis not sought. 
Frequency dependence ofthe relative dilectric constant 
was determined by characterizing a nominal 25 ohm 
microstrip line over a wide range of frequencies using an 
automatic network analyser. Compensation for the co 
axial to microstrip transitions was established using a 
computer optimized model (Reference 3). Figure 3 is a 
graph of the relative dilectric constant versus frequency 
determined for the laminate used by this method. It 
should be noted that differences in epoxy composition 
could affect both the low frequency dilectric constant and 
its frequency dependence. 
CONSTRUCTION PROCEDURES 
Both amplifiers were mounted on 0.5" thick copper 
blocks, 2.25" by 2" in the case of the G-10 board design 


and 3" by 2" for the glass teflon board. The blocks were 
slotted to a depth of 0.130"to enable mounting the tran 
sistor leads level with the top of the circuit board. Ther 
mal compound was used between the transistor flange 
and the mounting block to ensure low thermal resistance. 
With the block held in contact with a larger heatsink 
this configuration proved adequate for test purposes. In 
a productiondesign, the transistor would normally be 
thermally connected to the case ofthe transmitter. How 
ever, care should be taken to operate the device under 
all conditions within the PowerDissipation limits shown 
on the data sheet. 
As with any circuit designed to work at UHF frequen 
cies, good grounding is essential for best performance 
and stability. Copper foil was wrapped around the board 
adjacent to the transistor mounting to connect the un 
derside ground plane to the transistor common leads. 
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Rgure 3 — Relative Dilectric Constant (G-10) versus Frequency 
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Additional copper foil was wrapped around the board to 
connect the 1000 pF Unelco capacitor pad to the lower 
ground plane. 
Positioning of the emitter and collector shunt capaci 
tors is critical to the resulting amplifier performance. 
The capacitors should be mounted as close to the tran 
sistor case as possible. Minor tuning-of the circuit can 
be achieved by lateral movement of these components. 
Larger tuning adjustments can be incorporated by re 
placing part of the fixed shunt capacitance by a variable 
trimmer. 
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Rgure 4a — Typical Performance in Broadband Circuit 
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Figure 4c — Output Power versus Supply Voltage 
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Both circuits use 28 mil dilectric 2 ounce copper clad 
laminate. Refer to Figure 6 for a 1:1 Photomaster of the 
circuit boards. 
PERFORMANCE DATA 
Similar performance was measured for the same part 
solderedin either circuit. Typical performance curves for 
this broadband design are shown in Figures 4a, 4b, and 
4cfor the glass teflondesign and Figures 5a, 5b, and 5c 
for the G-10 based circuit. Circuit losses in the G-10 board 
were less than expected and were certainly minimized 
by the short fractional wavelength transmission lines 
employed. 


80r= 


40 
pout 


5 30 


IC 
UJ 
3 
2.0:1 
£: 20 


fc 
Pin= 8-5W 
VCc= 125Vdc 
Board: G-10 
1 1.5:1 


ZD 
O 
J10 


_, 


0 


"VSWR" 


1.0:1 


810 
870 
830 
850 
/.FREQUENCY (MHz) 
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NOTE: The Printed Circuit Board shown is 75% of the original. 


a. 
Photomaster Using Glass Teflon Laminate 


b. Photomaster Using G-10 Board 


Rgure 6 — Two Photomaster Versions of MRF844 Broadband Circuit 
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MOUNTING CONSIDERATIONS FOR MOTOROLA RF POWER 
MODULES 


Prepared by: 
Henry Pfizenmayer and Sam Coffman 
RF Power Modules 


INTRODUCTION 
The packaging used for standard Motorola RF Power 
modules consists of a copper flange on which the sub 
strates are soldered and a non-conductive cover which 
is either of a "snap-on" or epoxy attached design. The 
ceramic substrates are either 96% alumina (A1203), 
99.5%alumina or 99%Berylliumoxide (BeO).These sub 
strates are attached to the copper flange using either 
lead-tin or indium based soft solders. Typical liquidus 
temperatures of these solders are in the 149°C to 163°C 
range. 
The purposeof this paper is to present the mechanical 
factors which should be considered in mounting these 
modules in equipment. 


MAJOR MOUNTING FACTORS 
There are three major considerations in mounting an 
RF powermodule. First, the flange is used for the RF 
electrical ground reference. Typical inductance of the 
connection pins used on these modules is about 18 nano 
henries per inch or 1.8 nanohenries per 100 mils. Since 
at 800 MHz a nanohenry has about 5.0 ohms reactance, 
it is easy to see that it would be almost impossible to 
achieve a low reactance ground through the use of pins 
alone. Second, the copper flange provides the thermal 
path for the removal of the heat producedin the active 
devicespresent in the module.Thus, properthermal han 
dling must be considered in mounting the module. Fi 
nally, we must consider the mechanical stresses placed 
on the module by the mounting techniques used. Here 
we consider stresses placed on the leads and bending or 
twisting ofthe mounting flange which would cause ce 
ramic fractures. 


MODULE FLANGE FLATNESS 
Duringthe processingofthe module, considerationhas 
to be given to the various stresses produced. Through 
analysis of these stresses and the materials used we can 
arrive at the maximum allowable flange bending which 
can be tolerated from a mechanical standpoint. In de 
termining the allowable flange flatness conditions, both 
analytical and empirical analyses were performed. 
Agreement between both of these analyses was very 
good. The theoretical analysis was performed by Moto 
rola Government Electronics Group, Mechanical Engi 


neering Laboratory. GEG was selected to do this work 
because they have done extensive work in the area of 
laminate stresses and have available several proven com 
puter programswhich apply directly to this problem.The 
assignedtaskwas to providean estimate ofthe maximum 
amount ofinitial bow (curvature) in the mounting flange 
which would not subsequently cause the ceramic sub 
strate to fracture in the final assembled state. For the 
results of this analysis, see Table 1. 


MOUNTING CONSIDERATIONS 
The theoretical analysis shows that some of the re 
sponsibilityforpropermounting rests onthe user.Proper 
consideration should be given to the following items: 
1. Flatness of the mounting area must be such that 
the final mounting of the module will not bend the flange 
beyond the limits given in Table 1. 
2. Attention must be given to surface finish and clean 
liness of the mounting surface. For instance, if one 
mounts the module with thermal compound and uses a 
dirty work area which allows 3 to 5 mil particles to be 
presentin the compound, a failuremodecanbeproduced. 
3. Another consideration is the movement ofmaterial 
around tapped or punched holes. A tapped or punched 
hole which leaves a burr on the mounting surface can 
lead to failure modes. 
4. In addition, rigidity of the mounting surface and its 
material should be considered. For instance, the copper 
flange on an aluminum heatsink will result in a bi 
metallic system which can create a bending problem. 
Consideration ofthe direction ofribs in a heatsink should 
be made to maximize stiffness in the direction ofbending 
oradequate thickness oftheheatsink mustbeprovided 
to control bending. 
It is not desirable to mechanically constrain the ends 
Ofthe module so that no "slip" is possible between the 
module flange and its mounting surface. If the ends are 
constrained and the temperature differential between 
the module and the heatsink is significant, there can be 
enough bending of the module flange to break the ce 
ramic. An example calculation is shown below to dem 
onstrate this problem. 
Assume that the ends ofthe flange are constrained at 
the centerline of the mounting holes. (2.4 inches for 
MHW612A/MHW710/MHW720 series modules). Assume 
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that the module is mounted on a machined aluminum 
heatsink. 
Thermal expansion coefficients in /unch/inch/°C 
Aluminum 25 x 10~6 
Copper 17 x IO"8 
L = 2.4 inches 
Fora reasonableapproximation assume the thermally 
induced bending creates an isosceles triangle as shown 
in Figure 1. 


RGURE1 


Assume that the module flange changes temperature 
from25°C to 50°Cand the heatsink changestemperature 
from 25°Cto 30°C in the same time (obviously the heat 
input to the system comes fromthe copperflange— more 
on this later). 


Heatsink A L (aluminum) = 2.4" x 5°C x 25 x IO"6 


= 0.0003" 
Flange A L (copper) =•• 2.4 x 25°C x 17 x IO"8 


= 0.00102" 


So length ABC = 2.40102, AB = 1.20051" 
length AC = 2.4003", AD = 1.20015 
And AB* = AD2 + BD' 
BD = VAB2 - 
AD2 


So BD = 0.029397 inches which far exceeds the 
allowable flange bend. 
This analysisalsopointsout the advantageof keeping 
the heatsink and the flange at lowest possible temper 
ature differential through the use of thermally conduct 
ing compounds between the surfaces. 
Forinstance, in the example given above with an alu 
minum/copper system, the copper flange will remain in 
tension at any temperature above the temperature at 
which the system was constrained as long as the tem 
perature ratio between the heatsink and flange is kept 
less than the ratio of the thermal expansion coefficients 
or 25/17. Incidentally, this assumes that the heat input 
sourceto the system originates in the copperflange.This 
situation points out the folly in some types of tempera 
ture cycling testing. For instance, if the aluminum/cop 
persystem is constrained at 25°Cand is uniformly heated 
to say 125'C, the copper remains in tension — if the 
system is cooled below 25°C, the copper will go into 
compression. This is exactly the opposite situation ob 
tained when the heat input to the system comes from the 
copper flange. 
The above is a rather elementary analysis of the ther 
mal effects on the module/heatsink system. Many other 
factors are involved such as relative strengths of the 
materials involved, bending of the mounting screws and 
so forth. 


What should be derived from this discussion is that 
the design of the mounting forthe module/heatsink sys 
tem is not a simple one and should not be done in a casual 
manner. 
Our recommendation is that a mock version of the 
systembeconstructedearlyin the equipment designand 
thermal cyclingperformedboth with external heat input 
to the system and with heat input to the system from the 
module.This is a very effective "analog computer" and 
direct measurements of the flange/heatsink deflections 
can be made. In this manner the actual expected flange 
excursions can be compared to the recommended maxi 
mum flangebending to determine whether the design is 
adequate. Incidentally, the recommended maximum de 
flectionvalues given in Table 1 have a safety factor of 
approximately 2. That is, the deflection required to crack 
the ceramic is approximately twice the value given. 
Table 1 includes data showing the empirical deflections 
required to fracture a ceramic board in the module. 
5. We strongly recommend the use of a good thermal 
compound between the mounting surface. Sufficient ma 
terial must be used to fill all gapswhich may be present. 
We have not been able to createany mechanicalproblem 
with excess compound as long as there is a path for the 
excess material to escapeas the module is tightened down 
with the mounting screws. At this point it should be 
pointedout that unless both the module flange and the 
heatsink were lapped to absolute gauge block flatness, 
there will always be a significant air gapbetween areas 
of the flange and the heatsink. Since it is obviously not 
practicalto achieve a lapped surface of this quality, this 
portion of the mounting problem resolves to one of me 
chanical rather than thermal considerations. As an 
aside, some ofthe Motorola modules also have machined 
surfaceswhich may be oxidized to some degree. Infrared 
thermography of the active die was performed to see if 
there was any thermal degradation due to this oxide 
layer andnodegradation could be found. This has also 
been found true on lapped discrete transistor flange 
mount parts. 


Several manufacturers of thermally conductive heat 
sink compound exist. We have used products from Wake 
field and Dow Corning with success. 


MOUNTING HARDWARE 
Obviously an ideal mounting hardware scheme would 
be one in which the clamping pressure remained constant 
with age. One way of achieving this is through the use 
ofconical washers — one trade name is Belleville wash 
ers. Another possibility is "wavy" washers. Proper se 
lection of mounting hardware and torque is also neces 
sary. We recommend the following mounting hardware 
sizes and torques: 
4-40 
3 in/lb 
6-32 
5 in/lb 
8-32 
5 in/lb 


TIGHTENING SEQUENCE 
A very important factor to be considered in mounting 
the module is the proper torquing sequence. The person 
nel involved in mounting the modules should be given 
careful instruction and their procedures monitored at 
regular intervals. Since the flanges are punched from a 
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roll of material, there can sometimes be a small "roll-up" 
at the end of the mounting flange. Ifone considers what 
can happen if the mounting hardware were tightened 
completely at oneendfirst,it iseasytoseethat theother 
end could be "lifted" off the mounting surface well in 
excess of the allowable flange bending tolerance. 
This should be avoided by first lightly alternately 
snubbing down the mounting hardware "finger-tight." 
Next, the hardware can be torqued to its final specifi 
cation again in at least two sequential steps. 


THE IMPORTANCE OF THIS TORQUING 
SEQUENCE CANNOT BE STRESSED 
TOO HIGHLY 


LEADS 
The leads used on the standard Motorola RF Power 
Modules are of either tinned copper, gold or silver plated 
KOVAR, or pure silver strap, typically 5 to 10 mils thick 
and 15 to 20 mils wide. The leads are intended for making 
electrical connections to the modules only and are not 
intended to support the module at any tim* in the as 
sembly process. Consideration should be given to the 
stresses which may occur during mounting or testing. 
Poorly designed test fixtures can create lead stresses far 
above those encountered in the end-use equipment. It is 
recommended that the fixture be designed so the leads 
are always clamped after the flange is clamped and the 
tolerances be such that an upward force is never placed 


on the leads, even as the fixture wears. Motorola's spec 
ification for lead pull in shear and peel are 908 gm shear 
and 454 gm peel for BeO boards and 1500 gm shear and 
750 gm peel for alumina boards. Modules from PC86,90, 
and 91 product lines use BeO boards. Modules from the 
PC87, PC103 line use one alumina and one BeO board. 
PC41, PC64, and PC104 use alumina boards. 


DEFLUXING 
These modules are designed to be manually soldered 
into an assembly. The modules have a silicone die coat 
over the active die, MOS capacitors, and nichrome re 
sistors. The die coat used will not withstand the normal 
flux removal fluids and severe reliability problems could 
be incurred if the flux removal fluids or solder fluxes 
penetrate the inside of the module. We recommend a flux 
activity of no more than R or RMA be used. 


CONCLUSION 
In mounting RF power modules, the following major 
areas should be considered: 


1. Heatsink flatness. 
2. Use thermal compound — eliminate dirt or grit in 
the compound or on mounting surfaces, use an ad 
equate amount to fill gaps. 
3. Tighten modules down in an alternate manner 
"finger-tight" before final torquing. 
4. Be careful with defluxing operations. 
5. Consider lead stresses, both in mounting and testing. 


TABLE 1 — Maximum Deflection 


THEORETICAL 
•••EMPIRICAL 
MAXIMUM RECOMMENDED 


DEFLECTION 
DEFLECTION TO 
DEFLECTION COMBINED 
OUTGOING OA SPEC. (MAX 
TO BREAK 
BREAK 
HEATSINK & FLANGE 


DEVICES 
LINE 
MIN 
AVG 
CONVEX 
CONCAVE 
CONVEX 
CONCAVE 


MHW709,710 
PC41 
0.015 
0.0190 
0.0218 
0.008 
0.010 
0.005 
0.005 


MHW720 • 
PC64 
0.015 
0.0190 
0.0206 
0.008 
0.010 
0.005 
0.005 


MHW720 *• 
PC64 
• 
0.011 
0.0075 
0.0079 
0.007 
0.0085 
0.003 
0.005 


MHW720A 
PC104 
— 
0.0190 
0.0206 
0.008 
0.010 
0.005 
0.005 


MHW612, 613t 
PC86 
0.0025 
0.0019 
0.0028 
0.0015 
0.002 
0.001 
0.002 


MHW612A. 613AT 
PC87 
0.011 
0.0103 
0.0108 
0.007 
0.0085 
0.003 
0.005 


MHW808 
PC90 
— 
0.0025 
0.0034 
0.0015 
0.002 
0.001 
0.002 


MHW808A 
PC103 
— 
0.0065 
0.0070 
0.0035 
0.004 
0.0015 
0.0025 


MHW820 
PC91 
0.005 
0.0073 
0.0084 
0.004 
0.005 
0.002 
0.003 


ALL UMTS IN INCHES 


*PC64was changed to alumina board — BeOcarrier transistor constructionsimilarto PC41 in February,1983.Allproduct with date code .883 and 
after has this construction. 


** Old construction of PC64 with total BeO output board. 
** Measured deflection to break a substrate within 3 to 5 seconds of application of force. 
t These devices will be obsolete on September 30,1983. Contact Motorola for the current availabilityand recommended discrete transistor replacement 
lineup. 
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LOW COST UHF DEVICE GIVES BROADBAND PERFORMANCE 
AT 3.0 WATTS OUTPUT 


Prepared by 
Dan Moline and Dan Bennett 
Motorola RF Circuits Engineering 


INTRODUCTION 
The major cosl element in low-to-medium power! I.o- 
5.0 Wi RF transistors is the package. Several years ago 
Motorola took a major step in limiting cosi increases 
by introducing the common emitter TO-39 package. 
Through the use of appropriate circuit design and con 
struction techniques, use of the CE TO-39 can be ex 
tended to broadband L'IIK amplifiers producing up to 
.i.n \V output power. 
This bulletin describes a broadband circuit applica 
tion of the low cost MRF630 — an all gold metallized. 
emitter ballasted, high figure of merit transistor capa 
ble of .'LOWoutput power with lOdB gain at 512 MHz. 
A photo of the amplifier is shown in Figure I. Empha 
sis is placed on mounting techniques which minimize 
parasitic inductances and maximize heal transfer, 


CONSTRUCTION 
TO-39's usee as RF amplifiers are mosl commonly 
found in transmitter exciter chains mounted on printed 
circuit hoards. The parts are sealed on small disc shaped 
insulators and are heatsunk using press-fit "top hat" 
style radiators iKigure 2). Meat is inefficiently con 
ducted upwards through the metal can (Figure3) and 
radiated by commercially available heatsinks. called 
"top hats". As a result. the fl.JA is excessive, causing 
elevated junction temperatures and thermal slump 
problems. 13ecau.se theTO-.'W is situated above the PC 
board resulting in long leads, input Q's are also exces 
sive and combine to limit broadband performance and 
device gain. In low power applications «1.0 W) and 
VIII-' frequencies or lower, the problems mentioned 
above may not he noticeable. Higher power devices 
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FIGURE 2 


"Top Hat" Radiator 


PC Board 


FIGURE 3 


such as the MRF630, however, should be treated with 
the same considerations as any other RF power transis 
tor(i.e., provisionsforproperheatsinking and ground 
ing). 
When using an SOE power transistor, heatsinking 
is simplified with the inclusion of a stud or flange. 
Since TO-39's have neither, some modifications are re 
quired. Figure 4 depicts a means of heatsinking by 
soldering a "flange" to the bottom side of the TO-39 
package, thus providing a path for heat flow directly 
beneath the transistor die. The "flange" is secured to 
the amplifier heatsink by one or two screws. With this 
arrangement, maximum heat dissipation can be pro 
vided with a minimum amount of space consumption. 
This method also creates better electrical grounding 
as the package is now mechanically connected to chas 
sis ground. The attachment of this "flange" provides 
improvements in both grounding and heatsinking. 
Both are fundamental requirements to obtain the ex 
pected performance from an RF power TO-39 such as 
the MRF630. 


Top Hat" Heatsink 


Insulator 


• 
PC Board 


CIRCUIT DESCRIPTION 
The circuit, which was optimized for the MRF630, 
uses a distributed element design. Tight tolerance con 
trol is achieved by substituting transmission lines for 
inductors and specifying capacitor placement carefully. 
With this approach, good broadband performance is 
possible. 
Since transmission line characteristics are depen 
dent on line widths, dielectric properties and circuit 
board thickness, glass teflon circuit board is generally 
selected, as it offers the best tolerance control over the 
latter two variables. The major drawbacks of glass 
teflon circuit board are its low dielectric constant and 
relatively high price. A less expensive alternative, 
which was used in the construction of the MRF630 
amplifier, is CIO printed circuit board. Its lower price 
coupled with its higher dielectric constant results in 
a smaller circuit and lower overall cost. The dielectric 
constant of OK) is not a controlled parameter, yet GlO 
is consistent enough to be useful for many applica 
tions at UHF frequencies. 
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FIGURE 4 


"Mini" clamped mica capacitors were chosen for the 
matching components in this amplifier design because 
of their low cost, availability and very high "Q". Mica 
is an extremely good dielectric and these capacitors, 
if carefullysoldered (minimizing capacitor series lead 
inductance), boast a higher series reasonant frequency 
than some chip capacitors. 
The use of G10 printed circuit board,"mini" clamped 
mica capacitors and the MRF630,enhance component 
repeatability, affordability, and availability. 


PERFORMANCE 
Broadband circuit performance is displayed in Fig 
ure 5 and a typical gain curve is shown in Figure t>. As 
can be seen, the MRF630 has excellent turn-on char 
acteristics and saturated power capability. The normal 
gain roll-off above 490 MHz is expected but was mini 
mized by optimizing both input and output impedance 
matching networks above that frequency. By adding 
additional matching sections, broadband performance 
down to 400 MHz could be achieved with respectable 
input VSWR's. 
With the addition of the copper "flange" in the cir 
cuit assembly, average device flj-HS was limited to 
12.3°C/W (dissipated power=4.0 W, T(; =fiO°C). The 
MRF630 was also mounted directly to the bottom of 
the printed circuit board, which was placed directly 
against the heatsink. The flj-HS degraded to only 
15.6°C/W under the same conditions of power dissi 
pation. If the PC board were "floating" using the same 
technique, higher «j-HS's would be observed. Assum 
ing all circuit components were to be mounted in strip- 
line fashion, allowing the PC board to be mounted di 
rectly to the heatsink, adequate heatsinking could In- 
obtained without the addition of the "flange". The 
copper "flange" method of heatsinking is highly rec 
ommended for standard printed circuit boards which 
are isolated from the chassis heatsink. 
An exploded view of the amplifier showing printed 
circuit board, flange and heatsink is shown in Figure7. 
Figure8 is a circuitschematic including parts list, while 
Figure 9 shows details of part location on the PC board. 
Finally, as an aid to duplication of the amplifier de 
scribed herein. Figure IO is a 1:1 photo master of the 
printed circuit board. 


PC Board 


Heatsink 


FIGURE 5 — Broadband Performance 
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SUMMARY 


Outlined in this article are methods of assuring the 
best possible performance from a low cost package; 
specifically, the MRFB30 TO-39. If good construction 
practices are followed to ensure proper heatsinking and 
grounding, performance comparable to an SOK can be 
demonstrated, taking advantage of the cost benefits 
offered bv a TO-39. 
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Cl. C3 — 10 pF Mini-Unelco 
C2 - 
36 pF Mini-Unelco 
Cl, C5 — 0 018 pf Chip Capacitor 
C6 — 0.1 pf Dipped Capacitor 
C7 — 10 pf Electrolytic 
Rl —12 ft— 1/4 W Resistor 


EB109 


FIGURE 7 — Exploded View of Amplifier Assembly 


4-40»l/4" Screw 


ge/Transistor Assembly 


Heatsink Block 


FIGURE 8 — Circuit Schematic and Parts List 


Output 


RFC1 — 0.15 pH Mini-Molded Choke 
RFC2 — 1.0 mH Mini-Molded Choke 
RFC3 — 0.15 pH Molded Choke 
TL1 — Transmission Line 0.105 x 1.110_ (W x Ll 
TL2 — Transmission Line 0.053 x 0.987' (W x L) 
Board Material — 2 Oz. 0.0625" Epoxy Fiberglass (G-10) 


FIGURE 9 —Parts Layout ^ 
Out 


-C4 


FIGURE 10-1:1 Photo Master 


• Denotes copper eyelets. 


" 
Denotes 4-40 clearance for 
4-40 screw mounting 


NOTE: The Printed Circuit Board shown 
is 75% of the original. 
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RELIABILITY AND 
QUALITY ASSURANCE 


QUALITY LEVELS 


RF Products are available from Motorola in three 
quality levels: 
1. 
Industrial/commercial 
grade, 
identified 
by 
a prefix such as 2N, MRF, or MHW on the part 
number and tested to a published Corporate, JEDEC, 
or Proelectron specification. 
2. 
Military 
grade, 
built 
and tested 
per MIL- 
S-19500and identified by a 2N prefix and JAN, JTX, 
or JTXV suffix. 
3. Customer-specified 
grade 
with 
screening, 
testing, and marking determined by the customer 
to 
meet 
his 
particular 
requirements. These may 
range from a custom-marked industrial/commercial 
grade product to a product which is subjected to 
the 
most 
stringent 
tests 
required 
for 
space 
or 
submarine applications. 


POST-ASSEMBLY 
PROCESSING 


After assembly, a production lot is first sent to 
Final Test, then is transferred to Quality Assurance. 


Final Test Processing 


In 
Final Test, 100% of a lot is processed. This 
processing may be as simple as electrical testing to 
a data sheet specification or as complex as a series of 
mechanical 
and 
environmental 
screening 
tests 
preceded and followed by electrical tests. 


Quality Assurance Processing 


Once in QA, high-rel lots may undergo additional 
100% screening prior to testing. Using the popular 
2N3866* family as an example. Table 1 compares 
the varying degrees of preconditioning and screening 
that 
are 
done 
on 
the 
2N3866, 
2N3866JAN, 
2N3866JANTX and the 2N3866JTXV transistors. 
For testing, QA uses test sample groups A, B, and C 


as defined in MIL-STD 19500. Individual tests are 
defined in MIL-STD-202, 750, and 883. All lots, 
including 
industrial/commercial, 
receive Group A 
testing, usually to the same specification which is 
used by Final Test. In addition to the Group A tests, 
military and customer-specified high-rel specifications 
usually require Group B and C tests. Table 2 lists the 
standard 
LTPD, 
sample 
size 
and 
lot acceptance 
number 
used 
for 
Group 
A 
testing of standard 
products at Motorola. Military and high-rel specifi 
cations may call for a tighter Group A sample plan. 
Tables 
3 
and 
4 
list 
the 
Group 
B 
and 
C 
test 
requirements 
of 
the 
2N3866JAN 
and 
2N3866- 
JANTXV specifications. 


Special Processing 


Three 
additional 
tests 
that 
may be specified 
at extra cost by a high-rel customer are: 
1. Scanning 
electron 
microscope 
inspection 
of a wafer. 


2. 
X-ray examination of metal can transistors. 
3. 
Particle 
Inclusion 
Noise 
Detection 
(PIND) 
test to detect loose particles trapped in a package. 


"The 2N3866 is a 400 MHz, 1.0 Watt NPN silicon 
transistor mounted in a TO-39 metal can. 
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TABLE 1 - 
100% PRECONDITIONING AND SCREENING (2N3866 Family) 


Test 
MIL-S-750 
Method 
Condition 
2N3866/JAN 
2N3866JTX/V 


Final Test 


1. 
Electrical Tests 
Go/No Go 
(Same as Group A) 
Remove Rejects 
100% 
100% 
2. 
High Temperature Storage 
200°C, 24 hours 
Omit 
100% 
3. 
Temperature Cycling 
1051 
C, 10 cycles 
Omit 
100% 
4. 
Constant Acceleration 
2006 
20,000 G Y! 
Omit 
100% 
5. 
Hermetic Seal 
1071 
Omit 
100% 
Fine Leak 
GorH 
Gross Leak 
A, B, C, D or F 


6. 
HT R B 
150°C,48hr, 24 V 
Omit 
100% 
7. 
Electrical Tests 
(Similar to Group A) 
Omit 
100% 


QA 


8. 
Electrical Tests 
Go/No Go 
Omit 
100% 
9. 
Establish Identity 
Omit 
100% 
10. 
Electrical Tests 
ICBO and hFE 
Omit 
100% 
11. 
Burn In 
with 
168 hr. LOW 
Omit 
100% 
12. 
Electrical Tests 
Deltas 
PDA = 10% 
Omit 
100% 


TABLE 2 — STANDARD GROUP A SAMPLING PLANS (Discrete Products) 


Characteristic 
(By Subgroup) 
LTPD 
Sample 
Size 
Accept 
Number 


Discrete Devices 


Visual and Mechanical 
DC Parameters 
AC and Temperature 
Parameters 
Opens/Shorts 


3.0 
3.0 


7.0 
1.75 


129 
129 


55 
129 


1 


1 


1 


0 


Discrete Wafers and Dice 


Visual and Mechanical 
Multipack and Decca 
Pack (100% Sorted) 


Wafer Sales and Vial 
Package (no 100% Sort) 
DC Parameters 
AC and Temperature 
Parameters 


10 


20 
10 


15 


38 


38 


38 


25 


1 


4 


1 


1 
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TABLE 3 - GROUP B TESTS (2N3866 Family) 


Inspection 
or Test 


MIL-S-750 
Method 
Condition 
LT P D (Accept No.) 
2N3866JAN 
2N3B66JTX/V 


Subgroup B-1 
Physical Dimensions 
2066 
20(1) 
20(1) 


Subgroup B-2 
Solderability 
Temperature Cycling 
Thermal Shock 
Hermeticity 
Fine Leak 
Gross Leak 
Moisture Resistance 


2026 


1051 
1056 


1071 


1021 


C 


B 


UlaCorH 
A, B. C, D or F 


15(1) 
15(1) 


Subgroup B-3 
Shock 
Variable Freq. Vib 
Constant Acceleration 


2016 
2056 
2006 


1500 G 


20,000 G 


15(1) 
15(1) 


Subgroup B-4 
Lead Fatigue 
2036 
E 
20(1) 
20(1) 


Subgroup B-5 
Salt Atmosphere 
1041 
20(1) 
20(1) 


Subgroup B-6 
^ HighTemperature 
Storage Life 
1031 
200°C 
7(1) 
(340 hours) 
5(1) 
(1000 hours) 


Subgroup B-7 
Steady State 
Operating Life 
1026 
TA=25°CVCB=25V 
Pj= 1 w 


7(1) 
(340 hours) 
5(1) 
(1000 hours) 


TABLE 4 - 
GROUP C TESTS (2N3866 Family) 


Inspection 
or Test 
MIL-S-750 
Method 
Condition 
LTPD (Accept No.) 
2N3866JAN 
2N3866JTX/V 


Subgroup C-1 
Barometric Pressure 
Thermal Resistance 


1001 
3151 


10(1) 
10(1) 


Subgroup C-2 
Burnout by 
Pulsing 
3005 
10(1) 
10(1) 


Subgroup C-3 
High Temperature 
Storage Life 


1031 


Extension of 


B-6 to 1000 hrs 
10(1) 


Subgroup C-4 
Steady State 
Operating Life 
1026 


Extension of 


B-7 to 1000 hrs 
10(1) 
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Test Descriptions 


The following tests are frequently used for screening, acceptance and evaluation of semiconductor devices. 


A. Steady State Operating Life (SSOL) 
The purpose of this test is to evaluate the bulk stability of 
the die and to generate defects resultingfrommanufacturing 
aberrations that are manifested as time and stress- 
dependent failures. 
Conditions: Ta = 25°C, PD = max rated power 


B. 
Intermittent Operating Life (IOL) 


The purpose of this test is the same as Operating Life in 
addition to checking the integrity of both the wire and die 
bonds by means of thermal stressing. 
Conditions: Ta = 25°C, PD = max rated power. T(onj 
= T(off) = 1 min. 


C. 
High Temperature Storage Life 


The purpose of this test is to generate time/temperature 
failure mechanisms and to evaluate long-term storage 
stability. 
Conditions: T/\ = 150*0 no bias applied 


D. High Temperature Reverse Bias (HTRB) 
The purpose of this test is to align mobile ions by means 
of temperature and voltage stresses to form a high-current 
leakage path between two or more terminals. 
Conditions: Ta = 150°C,Vcb = 80% max rated Vcb. 


E. High Temperature High Humidity Reverse Bias 
(H3TRB) 
The purpose of this test is to evaluate the moisture resis 
tance of non-hermetic components. The addition of voltage 
bias accelerates the corrosive effect after moisture pene 
tration has taken place. With time, this is a catastrophically 
destructive test. 
Conditions: Ta = 85°C, RH = 85%, Vcb = 80% max 
rated Vcb. 


F. 
Moisture Resistance 
The purpose of this test is to evaluate the moisture resis 
tance of components under temperature/humidity condi 
tions typical of tropical environments. 


Conditions: MII-Std-750, Method 1021. 


G. 
Pressure Cooker 
The purpose of this test is to evaluate the moisture resis 
tance of non-hermetic components under pressure/ 
temperature conditions. 
Conditions: T = 121°C. P = 1 atmosphere (15 psig) 


H. Temperature Cycle (Air to Air) 
The purpose of this test is to evaluate the ability of the 
device to withstand both exposure to extreme temperatures 
and the transition between temperature extremes, and to 
expose excessive thermal mismatch between materials. 


Conditions: Mil-Std-750, Method 1051, -55°C to 1508C. 
15 minutes dwell time at each temperature 


I. 
Thermal Shock (Liquid to Liquid) 
This test is an accelerated version of temperature cycle. 


Conditions: Mil-Std-750, Method 1056, O'C to lOCC, 15 
seconds dwell time at each temperature 


J. 
Terminal Strength 
The purpose of this test is to evaluate the ability of the 
device terminals to withstand the lead forming and tension 
associated with component installation into a circuit. 


Conditions: Mil-Std-750, Method 2036, Condition E. 


K. Solderability 
The purpose of this test is to determine the solderabilityof 
the device terminals. 


Conditions: Mil-Std-750, Method 2026. 


L. 
Salt Atmosphere (Corrosion) 


The purpose of this test is to accelerate the corrosion effects 
of an environment in which salt (NaC1) is present. 


Conditions: Mil-Std-750, Method 1041 


M. 
Mechanical Stress Tests 


Vibration, shock and constant acceleration tests are infre 
quently used since they rarely generate failures in small- 
signal transistors. However, they are still specified for ac 
ceptance of military product. 
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HIGH RELIABILITY PROCESSING OF RF TRANSISTORS 


I 
WAFER PROCESSING 


Afterwafers are processed, they are subjected 
to Motorolavisual Inspection specifications then 
probe tested to determine compliance with 
Group A specifications upon completion. Probe 
tests include the following: (1) Class Probe — 
performed to determine device type and yield; 
(2) Unit Probe each unit Is subjected to Group 
A electrical tests — rejects are Inked. Following 
the class and unit probe tests, the wafer is 
scribed and broken. 


II 
ASSEMBLY 


The die are attached to headers and then wire 
bonded. Wirepulltests are performed by Quality 
Control inspectors on a sample basis to ensure 
assembly process controls. 
Unitsare stored indry air untilready forcapping. 


Ill 
CAN WELD OR UD SEAL 


Completed headers are loaded into a vacuum 
chamber for can weld or processed thru a fur 
nace for metal top attachments on ceramic pack 
ages with solder preforms. 


PROCESSING AND QUALITY CONTROL FLOW CHART 


COMMERCIAL 
GRADE 
WAFER 
PROCESSING 


MILITARY GRADE 


CUSTOMER SPECIFIED 
SCREENING AND TESTING 


JANTXV 


100% 
HIGH POWER 
DIE VISUAL 


VII 
100% HIGH POWER DIE VISUAL 


The high power portionof the Inspection is per 
formedto assure gooddie constructionand front 
metal conditions. Individual reject criteria in 
cludes the following: Metallization defects such 
as scratches, voids, corrosion, adherence, 
bridging and alignment. Poor die construction 
conditions such as oxide and diffusion faults are 
also rejected. 
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VIII 


100% LOW POWER 
ASSEMBLY VISUAL 


XII 


CUSTOMER 
SPECIFIED 
PROCESSING 


CAN WELD 
OR 
LID SEAL 


VIII 
100% LOW POWER ASSEMBLY 
VISUAL 


The low power visual inspection controls work 
manship, i.e., die attachment, internal lead-wire 
attachment, and package defects. Die attach 
ment inspection includes assuring good adher 
ence, die placement and proper orientation. In 
ternal lead wires must have proper arc and all 
attachment bonds must be property placed and 
in good condition. Package defect inspection in 
cludes checking for foreign material, improper 
construction andcracked glassconditions. 


RELIABILITY AND QUALITY ASSURANCE 


IV 
FINAL ELECTRICAL TEST 


pleted units are selectedfora Group Aelec- 
test. Hand screening Is performedwhere 
ssary. Electricalfalloutunits and over-runs 
ubject to future screening. 


V 
QUAUTY CONTROL 


Samples are taken for complete electrical anal 
ysis of the lot. Group A and B tests are per 
formed on JAN devices. Group A and B tests 
and 100% processing are performed on JANTX 
devices. Some devices also require Group C 
inspection tests. 


VI 
WAREHOUSE 


Upon completion, the finished product is ready 
for shipping. Purchase order requirements are 
carefullychecked again priorto shipping. Over 
runs are kept for future orders. Warranty tests 
(Group A) are performed every 24 months on 
militarydevices. 


IV 


FINAL 
ELECTRICAL 
TEST 


V 


QUALITY 
CONTROL 


VI 
WAREHOUSE 
SHIP 
COMMERCIAL 


• 
JAN 
1 
1 
JANTX 
JANTXV 
L 
i 
1 


100% 
QUALITY CONTROL 
PROCESSING 


IX 
100% QUALITY CONTROL 


a. 
High temperature storage 
b. High temperature reverse bias 
c. Temperature cycling 
d. 
Thermal shock 
e. 
Hermetic seal 
f. 
Acceleration 
g. Read & Record parameters 
h. Room temperature burn-in 


GROUP B SAMPLE 
GROUP C SAMPLE 


XI 


WAREHOUSE 
SHIP 
JAN-JANTX-JANTXV 


XIII 


WAREHOUSE 
SHIP 
CUSTOM SPECIAL 


X 
GROUP B AND GROUP C INSPECTION 


Typical Group B 
. 
Processing 
(Sample Basis) 
a. Physical dimensions 
b. 
Moisture resistance 
c. Terminal strength 
d. 
Hermetic seal 
e. Solderability 
f. 
Vibration fatigue 
g. 1000 hr. storage life 
h. 1000 hr. operating life 


Typical Group C 
Processing 
(Sample Basis) 
a. ac parameters 
b. Barometric pressure 
c. Bum out pulsing 
d. 
Resistance to solvents 
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Glossary of Reliability and Quality Terms 


Acceptable Quality Level (AQL) — A measure of quality for 
which a given lot will be accepted most of the time. This is 
usually established at a probability of acceptance equal to 
95%. It is referred to as the producer's risk because the 
probability of rejecting a good lot is 5%. 


Acceptance Number (Ac) — The largest number of defec 
tives in an inspection sample under consideration that will 
permit acceptance of the lot. 


Acceptance Tests — Tests to determine conformance to 
specification requirements as a basis for lot acceptance. 


Average Outgoing Quality (AOQ) — The average quality of 
outgoing product after 100% screening of rejected lots. This 
is usually measured in parts per million (PPM). 


Average Outgoing Quality Limit (AOQL) — The maximum 
average outgoing quality that is possible for a given sam 
pling plan. 


Defect — Any deviation of a device that does not conform 
to specified requirements. One device may contain more 
than one defect. 


Defective — A device which contains one or more defects. 


Double Sampling — Sampling inspection in which the in 
spection of the first sample leads to a decision to accept, to 
reject, or to take a second sample. The inspection of a sec 
ond sample, when required, always leads to a decision to 
accept or to reject. 


Failure — The inability of a device to perform a specified 
function within previously-established limits. 


Failure Rate — The statistical probability of a failure occur 
ring within a stated period of time. For electronic compo 
nents it is usually assumed that failures follow an exponen 
tial distribution, in which case the failure rate over any stated 
period of time is constant. The failure rate of semiconductor 
devices is generally given in percent per thousand hours. 


Infant Mortality — Premature failures occurring at a failure 
rate substantially greater than that observed during sub 
sequent life prior to wear-out. 


Lot — A group of devices from which samples are drawn 
and inspected to determine compliance with acceptance 
criteria (inspection lot). 


Lot Tolerance Percent Defective (LTPD) — A measure of 
quality for which a given lot will be rejected most of the 
time. This is usually established at a probability of accep 
tance equal to 10%. It is referred to as the consumer's risk 
because the probability of accepting a bad lot is 10%. 


Mean Time Between Failures (MTBF)—The total measured 
operating time of a group of equipments divided by the total 
number of failures of a repairable equipment. In the case 
of an exponential failure distribution, this ratio is the recip 
rocal of failure rate. 


Operating Characteristic Curve (OC curve) — A graph of the 
probability of acceptance as a function of the lot quality or 
process average quality, whichever is applicable. 


Percent Defective — The number of defective devices in a 
lot divided by the total number of devices in that lot, mul 
tiplied by 100. 


Probability of Acceptance (Pa) — The fractional probability 
that a lot will be accepted, usually expressed as a decimal. 


Process Average Quality — The expected quality of product 
from a given process, usually estimated from first sample 
results of previous inspection lots. 


Quality — A measure of the degree to which a product 
conforms to specification and workmanship requirements. 


Rejection Number (Re)—The smallest number of defectives 
in an inspection sample under consideration that will pre 
vent acceptance of the lot. 


Reliability — A measure of the performance of a product 
over a specified period of time. 


Sample — One or more devices selected at random from 
an inspection lot to 
represent that lot for acceptance 
purposes. 


Sampling Plan — A specific plan which defines the sample 
size and the criteria for accepting or rejecting a lot. 


Screening Tests — Tests employing nondestructive envi 
ronmental, electrical, thermal and/or mechanical stresses, 
for the purpose of identifying anomalous devices. 


Single Sampling — Sampling inspection in which a decision 
to accept or to reject is reached after the inspection of a 
single sample. 


Wearout Failures — Those failures which occur as a result 
of deterioration processes and whose probability of occur 
rence increases with time. 


100% Inspection—Inspection of every device, in which each 
device is accepted or rejected individually for the charac 
teristic concerned, on the basis of its own inspection only. 
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OMJ 
0045 
I 
12.70 
_ 
0503 
— 


M 
45-BSC 
45* BSC 
n 
154 (SC 
01GOKC 


CASE 31A-03 
(TO-20SAO) 


DM 
KuatETERS 
news 
MM 
MAX 
KM 
MAX 
A 
432 
5fl 
0170 
0210 
• 
445 
Hi 
0175 
02O5 
C 
318 
«'» 
0125 
0'« 
D 
041 
05? 
0011 
0022 
r 
oao7 
0«W 
001$ 
0011 
8 
1.27 esc 
ooso esc 
H 
- 
1 177 
- 
1 0050 
1 
2S48SC 
oico esc 
X 
1270 
— 
0500 
— 


I 
IS 
_ 
0750 
— 


n 
203 
ttt 
0«O 
O'B 
f 
293 
0115 
R 
143 
— 
0135 
— 


* 
0* 
041 
0014 
0018 


CASE 182-02 


MOTOROLA RF DEVICE DATA 


8-2 


CM 
MUKTOS 
MWES 
MU 
I MAX 
MM 
1 MAX 
t) 
514 
762 
07J3 
OJW 


B 
Ml 1 
2.72 
00H 1 Ot07 
0 
046 
1 
0.55 
0011 1 OS22 
F 
- 
1 
1.27 
- 
I 0X150 
* 
2540 1 »10 
10M 
1 1509 


CASE 51-02 


STYLE 1: 
FWI. BUTTED 
2. BASE 
3. EMITTER 
(.COLLECTOR 


DM 
MUWETEn 
MC 103 
MM 
MAX 
KM 
MAX 
A 
174 
733 
078$ 
0785 
f 
1494 
1123 
ftSfi 
0.635 
0 
064 
Ofl 
0075 
003S 
H 
265 
?«0 
0-104 
0134 
4 
on 
4>TS 
0»4 
0008 
K 
11.18 
!!« 
ft« 
0.4M 
P 
1.40 
165 
Offi 
0065 
R 
Ml 
835 
0705 
0.250 
y 
2J3 
388 
0115 
0.14$ 
w 
140 
185 
9«s 
MR 


CASE 244D-01 


PH 
Wl> ITERS 
we 


'.•;> 
Vi 


r.r. 
Ii-.) 
1510 


B 
:•'•; 


• •.'•• 
0K5 


D 
:::: 


• •:•: 


F 
;-:=s: 


r. 
117 
BSC 


J 
'j ;K 


K 
0 m 


'. 
. 51ESC 
: 10? BSC 


Q 
311 
4.11 
' 
- ••'• 


R 
•'. •:•: 
•':: 
:•:•=• 


S 
-.•:-', 
0615 


« 
;;,- 
ocoa 
001: 


CASE 297C-02 


STYLE I 
• '. ' 
-: 
•.._- 


7 
V DRIVER 
3 GROUNO 
» VCC 
5 RFOUTPUT 
CASE GROUNO 


TTFF^J 
W 


jr-v-j 


1»Uo25I0010I®|t|z[ 
L 


X — 
|4-[»0.13IQ005Hg)|T|s| 


» 
:.-. 
:•: 
• 


" 


DIM 
MILLIMETERS 
MIN ! MAX 
1 
HNC 
UN 


1 :,V 


• r: 


MAX 


A 


! 
1780 
1390 


•:.-! 
<-.' 
:.!' 
0765 


D 
| 11 
:55 
DO'! 
1021 


F 
j m 
; >: 
0080 
OIK 


F 
130 ESC 
3130 BSC 


r. 
:: 11BSC 


H 
14S5BSC 


J 
•• '• 
. 
">" 
0287 
0278 
;••; 
0 730 
0300 


I 
IS 54 BSC 
] IIS BSC 


N 


p 


11r. 8SC 
128' BSC 
030 
0008 
0 01? 


0 
LM 
3 30 
: •:: 
1130 


« 
'".:• 
14OS 
: ',:•'. 
::;; 


S 
"31 
1181 
0445 
isci 


V 
"40 BSC 
I''.-.: BSC 


I 
0385 BSC 


STYLE! 
PIN 1 RFINPUTVCONT 


2 
VSI 
5 VSI 
4 VS3 


5 
RF OUTPUT 
CASE 


CASE 301E-04 


» 013 looosi® It Ia® 
♦ 013I0005I® 
T A® 


GET 


U|«013>0005l® 
T S® 


MIL* 
MM 


ETER5 
UN 
MAX 
•Ml 
::•: 
£44. 
1335 
0351 


,... 


Otl 
OOIJ 


14! 
.".' 
.15! 
BSC 
tui gse 
ijmjk 
H 
1 
4064BSC 
•••'.:.: 


' 
'I- 


L 


1- >! 


38' 
esc 
1 400 BSC 
esc 
150 
BSC 


:.-• 
::•: 
::•• 
001; 
311 j 
405 
0150 
: ••:•: 


•• 
•• 
0595 


0 7!j 


15 12 
If. 10 
i;;ses( 
OM 
BSC 


< 
12mesc 
050 
BSC 


I4)1025100101® |t|2.| 


^^"^ "—P"i UI025100101® ItI 


STYLE 2 
PIN I 
RF INPUT 
1 
• OCICONTROll 
3 
.DCISUPPLYI 


4 
RF OUTPUT 
CASE GROUND 


♦ U013100051® 
T s< 


WLUMETERS 
DM 
MIN 
' 
MAX 
mm 
A 
4901 
;•" 
• >•: 
• 
••••. 


1 
29 22 
;::; 
112; 
1190 
0350 
0376 


D 
046 
0 55 
001B 


E 
305 
0120 


F 
0160 BSC 
1600 BSC 
• ;v :;; 


87! 
377 
v. 
:;•.'. 


_ 


130 
SSC 


P 
021 | 
030 
0CO8 
0012 
311 
406 
:•=•: 
0160 


« 
1240 
IS55 
••:: 
:;::. 


S 
1512 
1543 
0595 


V 
12 70 BSC 
• 500 esc 


CASE 301G-03 
CASE 301H-03 


MOTOROLA RF DEVICE DATA 


8-3 


CASE DIMENSIONS (continued) 


-•r 
P1N1 RFINPUT 
2 VSI 
3 VCONT 
4 VS2 
6 '.S3 
6 VS4 
1 Rf OUTPUT 


|lUoi3iooo5i * It s« 


MR.UMETERS 
DIM ; MIN J MAX 
A ' :!-! • 452' 


NC 


MIN 
ES 
MAX . 


[ 
;•': 
132BSC 


'«'. BSC 


;."'-=s: 
•::•':•: 


3 33 
i •:•: 
1555 


1131 
..;. 


: ••-•[. 


Y 
1491 BSC 
0 58! BSC 


CASE 301J-02 


|« 10.1310 0051® |t| A® 


STYLE2 
PIN 1 RF INPUT 


2 VSI 
3 VS2VCONT 
4 VS3 


• 
:."=-- 
CASE GROUND 


DIM 
ETESS 
LNCHES 


MAX 
MJX 


3 


C 
::=.= 


D 
;• 
:;=. 
0013 
:::: 


i 
2'6 
254 
IMS 
: •:.- 


1 
335 BSC 
u-32 BSC 


« 


M 
•--,;• 
: •:,•;--: 


. 
1. 
- 
V 


« 
; 
•••• 
= =.' 
.... 
.... 


L 
;?:•=:: 
I142 9SC 


'. 
••i. 
=.;: 


' 
001! 


11 
>:s 
3 :••• 
0120 
;.'>:. 
.... 
::;: 


s 
.... 


. 
•i'=>: 


• 
•••.is: 
• 
::?;.: 


CASE 301L-02 


;-•-:: 
I : I -• 
M 
• 


1 VSI 
3 VCONT 


4 V8IAS 


5 VS2 
6 Rf OUTPUT 
CASE 


:'.-. . 
:;••• 
_ :::: 
154 I 0065 I o"ioo 
):•=«: 
. 
hives; 
4204BSC 
1655BSC 


• I. 
678 I" ?"06 
. B 
585 1 762 | 0230 ! 0300 
7S.ISBSC 
, 
0950 BSC 


:: !!=;; 


CASE 301K-02 


STYLE 1 
PIN1 RFINPUTVCONT 
1VSI 


3 VS2 
4.VS3 


5. Rf OUTPUT 
CASEi G-: 
. 


DIM 
v;i'VCT,=5 


V N 
MAX 


A 
8 
3201 
! 323e 
:.-; 


•: 
::: 
:•" 
212: 
:••:' 


0 
: ::.' 
114 


i 
196 
241 
001! 


H 
BSC 


• 
:-,-. 
- 
0103 
— 


L 
1211 BSC 
:!•-.;;•; 


'. 
• 
BSC 


P 
021 j 030 
OOOj 
. :-.' 


R 
13 E5 
•::: 
0 54= 
;=•:•: 
ii ea 
V 


« 
2;-;s: 


I 


CASE 301N-01 


MOTOROLA RF DEVICE DATA 


8-4 


M^ 


TT 


STYLE 3i 
PIN I. INPUT 
2. GROUND 


:• ;_-=.• 


4 
GROUND 


DM 
MAX 
INCHES 
«• •! 
MJI 


158 
198 
0078 


C 
077 
119 
::>:. 
001! 


n 
1.19 
3013 
0 04! 


f 
M".'I 
0CC3 
0 006 


F 
041 
060 
0221 


K 
'. •;• 
58S 
;•-,: 
:;s! 


CASE 303A-01 
(.070" CERAMIC) 


-V 


in—ci 


V— 
U 
G 


G=3 


STYLEB 
PVNI ANODE 
: 
•.; 
: .v. .: 
•. 
3 
CATHODE 


STYLE9 
PWt 
ANOOE 
2 
ANODE 


3 
CATHODE 


STYLEII 
PIN 1 ANOOE 
2. CATHODE 
3 CATHCOE-ANOOE 


21" 


MILLIMETERS 
INC 
ES 
um 
MAX 
I'N 
UAX 


A 
3 24 
; 
••::• 
' ••:•- 
140 
3 042? 
' 
• =51 
2(442 


D 
0 0150 
0 02M 
..... 
LJ08O7 


M 
; •:: 
• •:-: 
;;.•.->: 
:•:•:•: 


K 
0 £0 
-;";.• 
OC.-Ji 


1 
•>•: 
102 
0 0350 
421 


--1: 
S 
:• '0 
0 08.331 


V 
045 
00177 
C 0235 


CASE 318-07 
LOW PROFILE 
(TO-236AB) 


STYLE4 
PINI 
OUTPUT 


2. GROUND 
3 
GROUNO 
4 
V.' 


MOTOROLA RF DEVICE DATA 


8-5 


*r 


DIM 


MAUMETERS 
INCHES 


1 
j:i 
:•<;=. 
OK'. 


C 
•-,: 


D 
014 
0039 
::•; 


• •; 
o;v. 
'•: 


0 235 
232-3 


1 
1143 
ll' 


N 
165 
- 
1065 


CASE 317-01 
(MACRO-X) 


ri 


•TERS 
INC «s 


VIN 
VAX 
MM 
MAX 


304 
3 ••-. 
1 122 
139 
::•:• 
2 25 = 


0 
0 52 
0015 
::;; 


' 
093 
D01I 
2 232 


3 020 
22:1 


015 
-; •• 
•• 
::« 


060 
0 018 
1 224 


s 
."I 
2 43 
0 083 
0 098 


CASE 318A-05 
LOW PROFILE 
(S0T-143) 


CASE DIMENSIONS (continued) 


OH 
M-LLIMETERS 
INCHES 
,..., 
MAX 
MM 
LUX 
522 
13 
;:: 


C 
r-s 
DJt 
2 2-5 


2 •:•: 
F 
3K 
;•'•: 


2 22 
2 41 
• :;- 
2 224 


0 22-2 
2 • :•: 
g not 
2 2 243 
'2 24 
2 2; 
a dm 
22'4 


K 
'52 
2 .;•; 
0073 


L 
0 5! 
•C: 
0 031 
2 2" 


II 
0" 
15- 
o- 
•2 


s 
•=•••-.. 
7 33 
0 25.4 
2.-;- 


H 005100021 


STYLE 1 
P.N1 
RF INPUT 
2 
RfOUTPUT 


X *w 
4 
GROUNO 


CASE 318E-04 


MILLIMETERS 
INCHES 
DM 
MM 
MAX 


'•:• 


ass 
33 13 


« 
', 
UH 
7390 , 2410 


II 
13 41 
ii. 
1210 


ii 
•-... 
•-•.. 
0.730 
0775 


:=.;; 


•. 
42 23 
"22 
'--5 


406 
•: 


1 ' 4 
2 :••: 


S 
II 18 
0 .44' 


u 


V 
0DJO 
w 
ir 
717 
2 2=.: 
::•: 


CASE 389A-01 
(SHP) 


JkU 


Lei 


-JunzGH 


"41 
5:2 


1312 
: :•:: 


4 = - 
3-5. 
: 2i2 


= =22 
•4-1 


" 
-..-.•: 
2 • :•! 
:;:: 
=.: 


I 
::-• 
2.'!' 
: -;•: 
-•:• 
•: 
2 "•: 


» 
711 
78! 
.;:-: 
: 3io 


u 
•:-; =•• 
2 2=5 


V 
224 
24 


•:•• 
.... 
: ••-: 
•4' 


CASE 389-01 
(DHP) 


-ixr 


J.--' • 


STYLEI. 
PIN I 
RF INPUT 
I 
Rf OUTPUT 


3 
-28V 


; 
:-:.-. 


1U 


Qlfl 
[«|«038I00I5I® |t|a® IB® 1 


II-M 
•", 
MAX 
UN 
"A. 


_ 
_ 


44 
. 
4- 
017 
1 
OH 


47 5 
166 
175 
l!9 
070 


X 
_ 
135 
» 1 
670BSC 
2 54 53 


CASE 389B-02 
(ABC/ACR/AMR'ATV) 


STYLE1 
PIN 1 
• VSUPPLY 2265V 
I 
DO NOTUSE 


1 
GROUND 


1 
TESTPOINTWll 


5 
TEST FONT IUI 


I 
7 
. - 
-.- 
• 
1 
FLFOUTPUT 


STYLE2 


P1NI 
• VSUPPLY 


i 
FREE 


3 
•;.'.; 
4 
MOUND 


5 
GROUND 


1 
GROUND 


7 
Rf INPUT 


! 
Rf OUTPUT 


MOTOROLA RF DEVICE DATA 


8-6 


^ 
ta 


' 1 


-1 — 
R 


N 
— 
U-V-*- 
-w 


STYLE 1: 
FWI. RFOUTPUT 
2. RfWUT 
1 GROUNO 
ADC POWER 


PW 


M2UJMETERS 
MCI•w 
KM 
«V 
MM 
MAX 
A 
153431 
15331 
1260 
I3» 
» 
13A237 Wf 
1233 
5310 
c 
25204 
»,w 
1,1*3 
1.183 
g 
3404 
34J54 
1340 
IW 


« 
1161 
15.11 
1575 
Ctffi 
N 
IBM 
»*» 
1140 
1163 
9 
332 
418 
0154 
01* 
R 
431 
520 
0.135 
ova 
V 
12431 
1M71 
«w 
4110 
V 
5335 
HS 
2.120 
2.140 
w 
7J3S 
7JH 
3.125 
W 
X 
10431 
10541 
1130 
1150 


T 
12180 
13333 
5.110 
S.1M 
t 
15333 
15143 
ton 
6083 


CASE 38SC-01 
(PAM) 


J vL 


STYLE1: 
PIN 1. REIN 
2. VDC 
3 GROUNO 
1RFOUT 
5. VDC 
6 GROUND 


wn 


MWJN DETWS 
MCKES 
MM 
MAX 
MM 
MAX 


A 
21632 
21742 
6540 
656=3 
1 
12167 
12217 
47» 
1810 
C 
3658 
3708 
1449 
1463 
( 
6.10 
660 
0240 
0260 
N 
106.43 
10693 
1193 
1210 


R 
674 
723 
0265 
0285 


u 
11105 
11155 
1490 
4510 
V 
4039 
«B 
159? 
1610 


CASE 389E-01 


MOTOROLA RF DEVICE DATA 


8-7 


04M 
KUJVETERS 
INCHES 


KM 
MAX 
KM 
MAX 


A 
29134 
29184 
11470 
11.490 
B 
21971 
22021 
8650 
8670 
C 
3658 
37 M 
1440 
1460 


E 
610 
660 
0240 
0260 


F 
15660 
15709 
6165 
6185 
Cj 
4801 
4U1 
1*30 
1310 


K 
686 
7,36 
0270 
0.293 
I 
953 
lOW 
0375 
0395 


M 
10333 
WW 
4070 
1033 


N 
7.37 
787 
0290 
OJIO 
F 
6237 
6337 
2475 
2495 


R 
535 
635 
0230 
0350 
1 
8373 
942} 
3690 
3.710 
V 
21209 
21259 
6350 
6370 


V 
2615 
2565 
0390 
ipio 
W 
12673 
12623 
4950 
4970 


X 
19647 
19697 
7735 
7756 


r 
2339 
»*=) 
0JO5 
0925 


2. 
14139 
14249 
6590 
6610 


CASE 38SD-01 


DM 
kOlMETEfS 
WO HES 
KM 
MM 
MM 
MAX 
A 
461(0 
46215 
11165 
18.195 
0 
431.42 
43311 
16385 
'7=015 
( 
1675 
8750 
3415 
3445 
1 
2.67 
342 
»105 
0135 


N 
67 76 
851 
3455 
3.(85 
O 
623 
«» 
0.246 
0.275 
n 
48222 
«P38 
18385 
19.015 
u 
7382 
7658 
2385 
MIS 
¥ 
1186 
1662 
OLSIS 
0615 


w 
547 
W 
0315 
0345 


CASE 389F-01 


STYLE I: 
FIN 1. GROUNO 
2. DCIN 
3 Rf OUT 
4 DCIN 
SKIN 
6 RFM 
7 DCIN 
8. GROUNO 


^ZF 


*,* 
Zl 


STYLE I 
PIN 1 RF INPUT 
2 RFOUTPUT 
3 AC INPUT 
• 


CASE DIMENSIONS (continued) 


B 


-aceomcim 
E- 


PM 
MUtWTJM 
NCIKES 
MM 
MAX 
MM 
MAX 
A 
521.72 
57*78 
2054 
2066 
• 
64331 
SNA} 
2165 
21.7S 
C 
229L22 
H™» 
«7 
»77 
f 
2LM 
53} 
an 
031 
V 
3533 
p« 
113 
153 
It 
80.78 
•M< 
3.18 
H* 
n 
60833 
6ipi7 
»» 
2405 
f 
13733 
1*3.48 
in 
553 
u 
18231 
18431 
7tS 
738 


CASE 38SG-01 


w* 


KUfttETERJ 
WCHES 
KM 
MAX 
KN 
MAX 
1337 
'?«? 
536 
531 
860 
_ 
331 


— 
35} 
— 
i«7 
334 
430 
155 
t57 
t07 
»? 
042 
044 


— 
1760 
693 
no 
no 
311 
315 
735 BSC 
313 BSC 
85 BSC 
033 BSC 
I2S5ISC 
494BSC 
11 
1 
16 
017 
1 018 
60 BSC 
034 BSC 
JSO BSC 
133 BSC 


68.1 
691 
268 
272 


— 
t» 
— 
053 
673 BSC 
2*4 BSC 


CASE 389K-01 
(AMR) 


—ii" 
| 
142T71 Q.Q5 (0.002) | 


KB 


STYU1: 
PINIF* INPUT 
2 Rf OUTPUT 


STYLE I: 
P1N1. 
♦ VSUPPLY 
2- 
.VSUPPLY 
3 
TEST POINTIc 
1 
00 NOT USE 
5 
GROUNO 
6 
GROUND 
7. RfRPUT 
I 
Rf OUTPUT 


II 
IT 


MOTOROLA RF DEVICE DATA 


8-8 


m 


^-Q4PL 
|-t)-|o0.38(0.015)®|T| A® | B®| 


OCM 
lilLiiittEftr 
WClti 
MM 
MAX 
KM 
MAX 
A 
1337 
w 
536 
5228 
B 
— 
160 
_ 
338 
C 
— 
383 
— 
142 
Q 
673 
683 
367 
268 
H 
91 
97 
036 
038 
K 
— 
1(8 S 
— 
577 
L 
636 
S43 
211 
214 
M 
7966SC 
313 BSC 
N 
6 5 BSC 
02)3 BSC 
P 
125 5 BSC 
494 BSC 
0 
44 
| 
46 
017 1 
018 
R 
6 2 BSC 
024 BSC 
V 
127 
431 
168 
170 
W 
175 
179 
069 
070 
X 
— 
135 
— 
053 


CASE 389J-02 
(ACR) 


DM 
tfcUiittTtAT 
ntctftt 


MM 
MAX 
KM 
1 MAX 
A 
1337 
1343 
526 1 
528 
B 
— 
•60 
- 
333 
C 
— 
363 
- 
1 
142 
G 
123 
431 
1 66 1 
1 70 
H 
91 
97 
036 
038 
K 
— 
1650 
- 
1 
610 
L 
769 
779 
303 1 
307 
M 
79 5 esc 
313 BSC 
N 
8 5 BSC 
033 BSC 
P 
12SSBSC 
434BSC 
0 
44 
| 
46 
017 | 
018 
R 
60BSC 
034 BSC 
S 
379 BSC 
149 BSC 
¥ 
660 1 670 
360 1 
264 
X 
- 
1 135 
- 
1 053 
Y 
54 6 BSC 
2I5BSC 


CASE 389L-02 
(AMR) 


STYLE 1 
PIN!. .VSUPPLY2SV 
2 FREE 
3 GROUND 
4. GROUND 
5 GROUNO 
6 
GflOUNO 
7. FtfMPUT 
8 
RFOUTPirr 


STYLE 1: 
PTM1 .VSUPPLY 
2 
•VSUPPLY 
3 
TEST POINT IC 
4 
DO NOT USE 
5 
GflOUNO 
6 
GROUND 
7 
RFIffUT 
8 Rf OUTPUT 


go 
sun* 
i-Piw 
*"* 
|-»|q35I0OIOI®TtT7 


{Ml 
MN 
MN 
MAI 


« 
B 
S-5 2 
338 


_ 
_ 
142 


22 2 


••' 
:•• 


X 


_ 
• = l • 
610 


I 
586 
S90 
239 


M 
79S8SC 
3 13BSC 


N 
215 5"; 
;=: --•- 


I2555S: 
: 54522 
44 
1 
46 
017 
1 016 


R 
62BSC 
324 5S-2 


S 
4! 9 BSC 
i. =;;-: 
270 1 
276 
106 
048 


X 
- 
1 
110 
— 


Y 
52 3 DSC 


7 
7 
3 
26 6 
107 
1 
Ml, 


CASE 389N-01 


DIM 


M..LLMETERS 
in; :S 


MN 
MAX 
MIN 
MAX 


1 2 -J 
1305 


22 2.= 
457 
r i;5 
:•• 
046 
055 
fid:. 
,3(22 


1.14 
fi,:.: 
0 ,v.=. 


741 
0 077 


37-21 ESC 
5=3 


••••= 
. 
- 
01(O 
— 


1263 ESC 
0505BSC 


ESC 


3 21 
030 
1315 
14 22 
• 545 
0SSO 
0375 
:;-: 


• 
:•-••: 
•41=553 
:oesc 
0'35 2-5:1 


CASE 413-01 


STYLE 
PIN1 .VCC2 
2 
-VCC2 
3 
-Vcc2 


: 
-...: 
5 
GROUNO 
6 
OETECTION - 
7 
OETECT.ON I 
8 
GROUNO 
I 
SWUM 
10 -Vcc! 
11. »VK1 
12 
.VCCI 
• •. 
..- 
•..-_- 


•4 
-=: .-=..- 


STYLE 1 
PIN1 
Rf INPUT 
2 RFOUTPUT 


MIN 
MAX 
MIN 
3' 


MAX 


3212 
1175 
"• 
= 


c 
851 
5 =i 
35: 
'•• 


CASE 389R-01 


rj 
Is i 
|o I 


0 


1 °" 


G 
"ir"^-Q|-«l«>OI3IO.C05l®|Slg)[A®|T| 


STYLE I. 
PINT RFINPUTVCONT 
2 VSI 
J VS2 
4 
VS3 
5 RFOU1PUT 


CASE. GROUND 


STYLEI 
PINl.Rf OUTPUT 


7 GROUND 
IDC TERMINAL 


• 
.• 
.:. 
5 0CGA.N 


e :=:.'.: 
1 Rf INPUT 


STYLE! 
;.,• 
::;„:;.t 


2. GROUNO 
3Vl2 
4 GROUND 
5V|1 


= : =:.'.: 


7 Rf INPUT 


MOTOROLA RF DEVICE DATA 


8-9 


11V 


MILLIMETERS 
INC 


MM 
MSI 
'•: 
MAX 


i 
6706 
•21St 
: •••.- 


5182 
2 34 
3 3=5 
2 335 


:•>: 
3'v 


• 
216 
:<: 


61 OS ir. 


II 
4768 
13 -.: 
\ti\ 
1315 


J 
1016 
ii 
in 
3 4|.l 
f,.'.:l 


762 
1330 
2 323 


:: 
34 
4610 
1785 
I5'5 


'. 
42 2 
4- 
: 
••• 
= 
3 13 
: •:-' 
'4= 


II 
22 32 
7087 
osco 
.1=1 J 
..... 


'2=2 
3 4=- 
2 515 


3 3.== 


5 4, 
i •; 
'•'•"•• 


> 
2.16 
7?2_ 
LL0B5 
115 


CASE 700-04 


CASE DIMENSIONS (continued) 


3ETT- 


STYLEI: 
PINI. Rf INPUT 
2. GROUNO 


3 
GROUNO 


4. DELETED 
5. VCC 
6. DELETED 
7. GROUNO 
8 GROUNO 
9. Rf OUTPUT 


x 
~F~ ml 


0>* f»I*025IO«W ® It Ia®| 


DM 
MM 
MAX 
MM 
j MAX 


_ 
43 
• 
- 
1 1775 


35=3 
• 
- 
• ;•=: 
7111 
UK 
3543 


046 
056 
1111 
125: 
:: 
:=.•: 
825 


: ::.:!K 
-".' =53 


0 3'5 
- 03355 


1: 41332 
100BSC 
413BSC 
:•'• 
353 


254 BSC 
••••'-:: 
316 1 477 


3 533 


-•: 
I5C0BSC 


11 
1300BSC 


V 
711 BSC 


« 
"OS 
1 1110 
112= 
3453 


CASE 714-04 


ET 
u 


DIM 
M.I V TOtS 
N>!S 
MfN_ 
MAX 
MM 
MAX 


A 
1755 


Fl 
14 B5 


C 
— 
2209 
— 
UK 


2) 
056 
: :•:• 
3 153 
1795 
14-1 
:•••: 


3 2-35 
3.108 


H 
242 
266 
UM 
3-35 
178 
2.79 
0110 


N 
:•'.•- 


0 
376 
533 
2-4= 
.... 


825 
3 335 
1510 
414 


VI 
414 
31- = 


25=5 
1010 
4 31 


CASE 714F-01 
(CA, POS. SUPPLY) 


STYLEI 
•"". i RFINPUT 


2 GROUNO 
3 GROUNO 
5 -Vcc 
7 GROUND 


= 
-:.:: 
:• --• 
;_-=_• 


. gi i j-TLT » 
zmr-r-1 Tj\jn 


OU035(0010I® 
T| A® 


STYLE1: 
PIN I. RFINPUT 
2 GROUND 
3 GROUND 


4 VDC 
5 DELETEO 
6 OELETEO 
7. GROUND 
8 GROUND 
9 RFOUTPUT 


DIM 
MAX 
MM 
MAX 


4 
_ 
1775 
P 


13 _335 = 


D 
046 
'.~ 
0018 


5 
1181 


F 


0 
3=4i- 
- 
0100 BSC 


' 
0315 1 0355 


t 
0.10 


II 
0148 
-3--.., 


a 
_ 
0595 
s 
i.-'3= =: 
•=.|, 
-.:- 


U 
2=3533 
ucotsc 


'. 
;n --. 
0283 BSC 
1 


H 
1105 
1 1143 
0135 1 0450 1 


CASE 714C-04 


» 111' 
EllRS 
INC IES 
MW 
MAX 
MN 
MSI 


1 
' 
-4-1 


•35' 
:=;: 
2 5- = 


1093 
:::: 
34-1 


044 
0017 
i 
:•:•; 


F 
0130 
0095 


H 
3 335 
0 IP 


' 
648 
7 74 
3 3:5 
2 335 


N 
25-2 • 
7717 
1050 
' 3-V 


381 
:••: 


» 
788 
1" 
1 ill 


31 
=2 
•4|.- 
1510 
3 3.4 


W 
4 
= 
153 
2 IK 
oif.: 


CASE 714G-01 
(CA LP, POS. SUPPLY) 


STYLE! 
PIN I 
RF INPUT 
2 GROUNO 
3 
=•:. ••; 
5 
-VCC 
7 COUND 


3 
GSOUNO 


9 
RF OUTPUT 


MOTOROLA RF DEVICE DATA 


8-10 


D8M 
M^LifETEM 
MOHIS 
MM 
MAX 
MM 
MAX 


A 
1431 
4457 
1745 
1.755 
B 
H« 


— 
0565 
C 
_ 
22.03 
— 


D 
0.49 
055 
0.019 
1022 
E 
12.4S 
UK 
0,<W 
WO 
9 
2.12 
M» 
W» 
0.105 
H 
2.12 
2.M 
0.095 
1105 
X 
131 
in 
M70 
0.110 


M 
»» 
27.55 
1055 
1035 
0. 
331 
WJ 
A148 
0310 
R 
7.75 
Iff 
W3 
0325 
v 
17*5 
JWS 
1410 
1310 
y 
337 
114 
0.152 
0163 


w 
130 
144 
0165 
0.175 
X 
25.15 
863 
0393 
1X110 
r 
w 
*}1 
P,'W 
0.170 


CASE 714H-01 
(CA, NEG. SUPPLY) 


DM 
JSJJ«fTBB 
NO KES 
MAX 
MAX 
A 
1433 
1157 
1.745 
1.755 
8 
tin 
oses 
C 
_ 
HW 
— 
0.B70 


O 
049 
OSS 
0.019 
0.072 
f, 
1245 
'?» 
0430 
03t0 
G 
212 
?« 
0035 
am 
M 
M2 
265 
0095 
aios 
X 
171 
J7» 
M70 
aiio 
N 
2I» 
PH 
!«=} 
1«5 
0 
3.71 
VB 
0U8 
0310 
R 
775 
125 
ajJ5 
0325 


U 
3735 
»» 
!«» 
1510 
V 
337 
lit 
0.152 
OI63 
*? 
120 
444 
0.165 
0.175 
X 
25.15 
ft?} 
OfiO 
1010 


Y 
107 
131 
0160 
0170 


CASE 714M-01 


STYLE 1: 
FUN I 
RF INPUT 
2. GROUND 
3 GROUND 
4 -Vtt 
7. GROUND 
I 
GROUND 
3 Rf OUTPUT 


STYLE!: 
FIN1. RFKPUT 
2. GROUND 
3 GROUNO 
SVccI 
CvVa2 
7. GROUNO 
8 GROUNO 
9=Rf OUTPUT 


STYLE 2i 
PWt 
Rf INPUT 
2 GROUNO 
3 GROUNO 
5Vtt1 
6VCC2 
7, GROUNO 
8. GROUND 
9 RfOUTPUT. Vcc3 


i 
JL 
44=* 


oJLr1*00t^ p 
' jL 


i 
i 


r? 


DM 
FAWWETER3 
MCKES 
KM 
MAX 
MM 
MAX 


A 
4433 
4157 
1.745 
1,755 
g 
1337 
1147 
0.550 
0.570 
C 
1033 
1133 
0433 
0.470 


D 
044 
»tt 
0017 
0.020 
1 
305 
333 
0.205 
0.130 
G 
242 
?« 
0-0S5 
0.105 


H 
2.42 
2« 
0035 
0.105 
X 
lit 
7,74 
0355 
0335 


M 
2667 
2717 
1060 
1X60 
CJ 
341 
406 
1150 
0.160 
R 
?« 
»-«? 
0310 
0320 
V 
3735 
B* 
1.490 
1310 
V 
J34 
IM 
0.155 
0.160 


w 
407 
157 
0.163 
0.113 


CASE 714L-01 
(CA LP, NEG. SUPPLY) 


E=^ 


STYLE I: 
PIN 1. RFINPUT 
2. GROUNO 
3 GROUNO 
I -Vtt 
I. GROUNO 
IGKXJNO 
9. RFOUTPUT 


«]j {JJ 
r-J 
00 |-1- 
II 
k-J —J I—H 


ecu 
KUMETERS 
MOKES 


MM 
MAX 
KM 
KAX 


A 
1433 
4457 
1745 
1755 
8 
— 
1485 
— 
0585 
C 
— 
2209 
_ 
0870 
0 
049 
055 
0,0,19 
0022 
t 
1245 
1235 
04JO 
0510 
9 
242 
266 
0095 
0105 
H 
242 
w 
0OJ5 
0105 


• 
171 
77? 
0070 
0110 
1* 
2633 
27S5 
1055 
1055 
g 
376 
533 
out 
0210 


R 
775 
835 
0335 
0325 


U 
37 85 
3335 
1433 
1610 
V 
331 
1.14 
0'52 
0163 
W 
420 
144 
0165 
0175 
X 
2515 
7565 
0393 
1010 


Y 
407 
431 
o-i« 
0.170 


CASE 714P-01 


STYLE 2 
P1N1 Rf INPUT 


2 GROUNO 
3 GROUNO 
1 RESISTORGROUND 


5 GROUND 
6 GROUNO 
7. GROUNO 
BVCC1 
9 RFOUTPUT 


STYLE 3 
FIN 1 Rf INPUT 


2 GROUNO 
3 GROUNO 
AVccI 
5 GROUNO 
6 GROUND 
7. GROUND 
8 Vcc 2 
9 Rf OUTPUT 


MOTOROLA RF DEVICE DATA 
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CASE DIMENSIONS (continued) 


STYLE 1: 
PM1.RF INPUT 
2. GROUND 
3 GROUND 
1 NOCONNECTION 
5 +VCC 
6 NO CONNECTION 
7 GROUNO 
6 GROUNO 
3 RFOUTPUT 


STYLE2: 
PINI Rf INPUT 
2. GROUNO 
1 GROUND 
1 -Vcc 
6 NOCONNECTION 
6 NOCONNECTION 


7. GROUNO 
8. GROUND 
9. Rf OUTPUT 


STYLE 3i 
PMI 
RFKPUT 
2. GROUND 
3. GROUND 
1 NOCONNECTION 
5.VCC1 
I Vcc7 
7. GROUND 
8 GROUND 
9=RFOUTPUT 


pU4 
KUtitfttiS 
INCHES 


MM 
MAX 
•EN 
MAX 
A 
5352 
54 61 
M07 
?IS0 
B 
3112 
3175 
1325 
1250 
C 
2045 
2146 
0805 
0845 
0 
046 
056 
0018 
0022 
G 
483 
533 
0190 
0210 
H 
1245 
1295 
0490 
0510 
K 
813 
• 51 
0320 
0335 
L 
2312 
n 62 
0910 
0930 
N 
5215 
«» 
3053 
2083 
S 
7 87 
8.38 
0310 
0330 
U 
4534 
4610 
1785 
1815 
W 
1753 
1803 
0690 
0710 
X 
239 
273 
003330 
0110 
Y 
737 
787 
0290 
0310 


CASE 825-03 
IFF) 


DM 
MU»ftW 
NO KES 
MM 
MAX 
MM 
MAX 
A 
4639 
4739 
1326 
IBM 
B 
170} 
»H 
0170 
0630 
c 
931 
1104 
0333 
1435 
P 
044 
W 
0017 
0019 
t 
102 
'37 
0040 
0050 
G 
242 
Iff 
0035 
6105 
H 
W 
Ml 
0130 
0150 
X 
938 
977 
0355 
0385 


I 
831 
1041 
0390 
0410 
N 
2695 
2715 
1061 
ie«i 
O 
334 
«W 
0151 
0161 
R 
its 
U4 
3163 
0183 
V 
P7? 
ft<8 
1435 
1515 
V 
2007 
2057 
0790 
0310 


CASE 826-01 
(SIP) 


STYLE I 
PlN1 
24 V 
2 
GROUND 
3 
KRUT 
4 
GROUNO 
5 
TEST 
6 
TEST 
7 GROUNO 
8 
OUTPUT 
9 
GROUNO 
10 
24 V 


STYLE* 
PIN1. RFINPUT 
2. GROUNO 
3. GROUND 
1 NOCONNECTION 
5.Vat 
&Vcc2 
7. GROUND 
1 GROUND 
9. RFOUTPUT.Vcc3 


STYLE5: 
PtNI. RFKPUT 
2. GROUNO 
3GR0UNO 
tVeel 
5.V<x2 
6Vcc3 
7. GROUNO 
t 
GROUNO 
9 RfOUTPUT. Vcc4 


STYLE 6: 
PIN 1.RF INPUT 
2. GROUNO 
3. GROUND 
1 RESISTORGROUNO 
6 GROUND 
6 GROUNO 
7. GROUNO 
IVccI 
9. Rf OUTPUT 


STYLET: 
PtNI. RFINPUT 
2. GROUND 
3 GROUND 
tVcct 
& GROUNO 
6 GROUNO 
7 GROUNO 
8 Vtt 2 
9 Rf OUTPUT 


MOTOROLA RF DEVICE DATA 


8-12 


tw 
NaUUETEftS 
*tC<Es 
KM 
MAX 
MM 
MAX 
A 
5352 
S4 61 
2107 
2150 
B 
3112 
3175 
1235 
1250 
C 
2045 
2146 
0805 
0B45 
0 
046 
056 
0018 
0022 
O 
483 
533 
0190 
0210 
M 
1245 
1295 
0490 
0510 
K 
254 
305 
0100 
0120 
L 
2312 
2362 
0910 
0930 
N 
5215 
5290 
2053 
2083 
S 
787 
838 
0310 
0330 
U 
4534 
4610 
1765 
1815 
W 
1753 
1803 
0690 
0710 
I 
229 
279 
0090 
0110 
Y 
737 
787 
0290 
0310 
I 
584 
685 
0230 
0270 


CASE 825A-02 
(FF» 


DOI 
KUntETEFtS 
INCHES 
KM 
MAX 
KM 
MAX 
A 
6691 
67.10 
2634 
2612 
J 
1939 
2019 
0 787 
J295_ 
0358 


O 


889 
056 
909 
JJJ50 
076 Asa 
0030 
244 
264 
0096 
0104 
-H_ 
417 
435 
0164 
0172 


K 
023 
027 
jimj 
0011 
641 
660 
0262 
0260 
L 
496 
519 
0196 
0204 
_B_ 
6241 
5260 
2063 
2071 
O 
341 
363 
0134 
0143 
R 
1690 
1709 
0665 
0673 
u 
5840 
SB59 
2399 
2X7 
V 
1006 
1026 
0336 
0404 
w 
4054 
4074 
15=36 
1634 
X 
1 4562 
45 63 
17S6 
1604 
Y 11816 
4836 
1336 
1904 


CASE 830-01 
(MX) 


STYLE! 
PTN1 
24 V 
2 GROUND 
3 WUT 
4 
GflOUNO 
5 
TEST 
6 
TEST 
7 GROUNO 
8 
OUTPUT 
9 GROUNO 
10 
24 V 


STYLE 2 
PM1 
WOUTPUT 
2 
(BOUND 
3 VCC2 
4 Vcc I 
5 
GROUNO 
6 
RF INPUT 
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Volume II 


Cross Reference and 
Sales Offices 


Alphanumeric Cross Reference 


Considerable judgment is necessary increating a cross- 
referenceforRFdevices. The onlyrealproofof a replace 
ment is through directsubstitution in a particular circuit or 
system. Guidelinesused to compare lowpower parts were 
dc voltageratings, cutofffrequency, current rating, junction 
capacitance and noise figure. For high power parts the 
parameters used were dc voltage ratings, outputpower, 
gain, frequencyof operation and outputcapacitance. 
A directreplacement will always be ina package thatis 
the same as or forallpracticalpurposes equivalent to the 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


4006 
MRF464 
2-654 
40080 
MRF476 
2-666 
40081 
MRF476 
2-666 
40082 
MRF475 
2-662 
40240 
MRF501 
2-690 
40279 
2N5641 
2-64 
40280 
2N4427 
2-23 
40281 
MRF485 
2-678 
40282 
2N6081 
2-100 
40290 
2N3553 
2-8 


40291 
FT9734 
2-1123 
40292 
PT9734 
2-1123 
40340 
MRF342 
2-581 
40341 
MRF497 
2-687 
40446 
MRF475 
2-662 
40578 
2N3866 
2-10 
40581 
MRF475 
2-662 
40582 
MRF475 
2-662 
40608 
2N5943 
2-83 
40665 
2N5641 
2-64 


40666 
PT9734 
2-1123 
40893 
2N5946 
2-90 
40894 
2N5179 
2-54 
40895 
2N5179 
2-54 
40896 
2N5179 
2-54 
40897 
2N5179 
2-54 
40915 
2N5031 
2-36 
40934 
TP2502 
2-1162 
40936 
MRF401 
2-601 
40940 
MRF5175 
2-1028 


40941 
MRF313 
2-531 
40953 
MRF207 
1-7 
40954 
MRF212 
1-6 
40955 
MRF1946A 
2-1000 
40964 
MRF515 
2-697 
40965 
MRF515 
2-697 
40967 
2N5944 
2-90 
40968 
2N5946 
2-90 
40970 
MRF644 
2-798 
40971 
MRF646 
2-802 


package oftheoriginaldevice.Similarreplacementaregen 
erallybut not always in packages that are identical or can 
be readily substituted; for example a .280" studpackagein 
placeofa .380" studpackage ora 100milceramicpackage 
inplace of a 80 milceramicpackage. 
A similarreplacement may also be somewhat differentin 
electrical specifications such as lowergain orhighernoise 
figure. However, itis Motorola's closestdevicetotheoriginal 
and is considered sufficiently similar to warrant further 
investigation by the device user. 


Industry 
Part Number 


40972 


40973 


40974 


40975 


40976 


40977 


41009 


41010 


41024 


41025 


41026 


41027 


41028 


41038 


80091 


80099 


80167 


80231 
2C2857 


2C3866 


2C4957 
2C5108 
2C5160 
2C5883 


2C5943 


2NI491 


2N2631 


2N2857 


2N2876 


2N2947 


2N3118 


2N3119 


2N3296 


2N3309A 


2N3375 


2N3478 


2N3553 


2N3600 


2N3632 


2N3733 


Motorola 
Direct 
Replacement 


MRF607 


2N6081 


2N6082 


2N6083 


2N3553 


2N5642 


TP2502 


2N5946 


2N5108 
MRF321 


MRF323 


MRF321 


MRF323 


MRF905 


MRF511 


MRF525 


MRF511 


MRF511 


2C2857 


2C3866 


2C4957 


2C5108 
2C5160 


2C5883 
2C5943 


2N2857 


2N3553 


2N5179 


Motorola 
Similar 
Replacement 


MRF586 


2N3553 


2N5641 


MRF4S5 


MRF544 


MRF544 


2N5641 


2N3553 


2N5641 


2N5179 


PT9734 


PT9734 


No. 


2-784 


2-100 


2-103 


2-106 


2-8 


2-67 


2-1162 


2-90 


2-40 
2-549 


2-553 


2-549 


2-553 
2-917 


2-692 


2-712 


2-692 


2-692 


4-21 


4-21 


4-21 


4-21 


4-21 


4-21 


4-21 


2-772 


2-8 


2-2 


2-64 


2-678 


2-722 


2-722 


2-64 


2-8 


2-64 


2-54 


2-8 


2-54 


2-1123 


2-1123 


MOTOROLA RF DEVICE DATA 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


2N3818 
PT9734 
2-1123 
2N5643 
2N5643 
2-70 


2N3866 
2N3866 
2-10 
2N5644 
2N5944 
2-90 


2N3866A 
2N3866A 
2-10 
2N5645 
MRF652 
2-816 


2N3880 
2N5032 
2-36 
2N5646 
MRF653 
2-820 


2N3924 
2N3924 
2-14 
2N5687 
MRF607 
2-784 


2N3925 
2N55S9 
— 
2N5668 
2N6081 
2-100 


2N3926 
MRF485 
2-678 
2N5689 
2N6081 
2-100 


2N3927 
2N6081 
2-100 
2N5690 
MRF234 
2-502 


2N3948 
2N3948 
2-17 
2N5691 
MRF450A 
2-79 


2N3950 
MRF497 
2-687 
2N5697 
MRF515 
2-697 


2N3959 
2N3959 
2-19 
2N5698 
2N5944 
2-90 


2N3960 
2N3960 
2-19 
2N5699 
2N5945 
2-90 


2N3961 
2N5641 
2-64 
2N5710 
2N4073 
— 


2N4012 
2N5641 
2-64 
2N5711 
2N5641 
2-64 


2N4040 
MRF321 
2-549 
2N5712 
2N5642 
2-67 


2N4041 
MRF5174 
2-1025 
2N5713 
2N5643 
2-70 


2N4072 
MRF515 
2-697 
2N5773 
MRF5174 
2-1025 


2N4073 
2N4073 
- 
2N5774 
MRF321 
2-549 


2N4127 
2N5642 
2-67 
2N5775 
MRF325 
2-557 


2N4128 
2N5642 
2-67 
2N5829 
2N4957 
2-27 


2N4130 
MRF464 
2-654 
2N5834 
2N3553 
2-8 


2N4416 
2N4416 
— 
2N5835 
2N5835 
2-73 


2N4427 
2N4427 
2-23 
2N5836 
2N5836 
2-73 


2N4428 
2N4428 
2-25 
2N5837 
2N5837 
2-73 


2N4440 
MRF5175 
2-1028 
2N5841 
MRF914 
2-922 


2N4932 
2N6081 
2-100 
2N5842 
MRF914 
2-922 


2N4933 
MRF342 
2-581 
2N5B46 
MRF433 
2-640 


2N4957 
2N4957 
2-27 
2N5847 
MRF232 
2-674 


2N4958 
2N4958 
2-27 
2N5848 
MRF234 
2-502 


2N4959 
2N4959 
2-27 
2N5849 
2N5849 
2-79 


2N5016 
MRF323 
2-553 
2M5862 
2N5862 
- 


2N5031 
2N5031 
2-36 
2N5913 
MRF607 
2-784 


2N5032 
2N5032 
2-36 
2N5914 
2N5944 
2-90 


2N5053 
2N6305 
2-116 
2N5915 
2N5946 
2-90 


2N5054 
2M6304 
2-116 
2N5916 
MRF5174 
2-1025 


2N5070 
MRF401 
2-601 
2N5917 
MRF5174 
2-1025 


2N5071 
MRF342 
2-581 
2N5918 
MRF321 
2-549 


2N5090 
MRF5174 
2-1025 
2N5919A 
MRF323 
2-553 


2N5102 
MRF342 
2-581 
2N5941 
MRF466 
2-658 


2N5108 
2N5108 
2-40 
2N5942 
MRF464 
2-654 


2N5109 
2N5109 
2-44 
2N5943 
2N5943 
2-83 


2N5160 
2N5160 
2-50 
2N5944 
2N5944 
2-90 


2N5161 
2N6096 
— 
2N5945 
2N5945 
2-90 


2N5162 
2N6096 
— 
2N5946 
2N5946 
2-90 


2N5I79 
2N5179 
2-54 
2N5947 
MRF511 
2-692 


2N5I80 
2N5179 
2-54 
2N5992 
MRF232 
2-494 


2N5262 
MRF544 
2-722 
2N5993 
MRF234 
2-502 


2N5421 
2N4427 
2-23 
2N5994 
MRF315 
2-537 


2N5422 
MRF607 
2-784 
2N5995 
MRF212 
1-6 


2N5423 
MRF261 
2-519 
2N5996 
2N5591 
— 


2N5424 
2N6081 
2-100 
2N6080 
2N6080 
2-97 


2N5563 
2N5583 
2-60 
2N6081 
2N6081 
2-100 


2N5589 
2N55B9 
— 
2N6082 
2N6082 
2-103 


2N5590 
2N5590 
— 
2N6083 
2N6083 
2-106 


2N5591 
2N5591 
— 
2N6084 
2N6084 
2-109 


2N5635 
MRF5174 
2-1025 
2N6093 
MRF464 
2-654 


2N5636 
MRF321 
2-549 
2N6094 
2N6094 
— 


2N5637 
MRF323 
2-553 
2N6095 
2N6095 
— 


2N5641 
2N5641 
2-64 
2N6096 
2N6096 
— 


2N5642 
2N5642 
2-67 
2N6097 
2N6097 
— 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


2N6104 
MRF325 
2-557 
2SC1297 
2N5643 
2-70 
2N6105 
MRF325 
2-557 
2SC1298 
MRF315A 
2-537 
2N6136 
MRF644 
2-798 
2SC1306 
MRF485 
2-678 
2N6166 
2N6166 
2-112 
2SC1307 
MRF485 
2-678 
2N6197 
2N5641 
2-64 
2SC1329 
2N5849 
2-79 
2N6198 
2N5642 
2-67 
2SC1336 
MRF572 
2-754 
2N6199 
2N5643 
2-70 
2SC1365 
MRF586 
2-772 
2N6200 
2N5643 
2-70 
2SC1366 
MRF586 
2-772 
2N6201 
2N6166 
2-112 
2SC1424 
MRF914 
2-922 
2N6202 
MRF5174 
2-1025 
2SC1426 
MRF965 
2-153 


2N6203 
MRF321 
2-549 
2SC1560 
MRF572 
2-754 
2N6204 
MRF323 
2-553 
2SC1589 
IMRF260 
2-515 
2N6205 
MRF325 
2-557 
2SC1590 
MRF262 
2-523 
2N6206 
MRF891 
2-891 
2SC1591 
MRF262 
2-523 
2N6207 
MRF892 
2-895 
2SC1592 
MRF587 
2-772 
2N6255 
MRF237 
2-506 
2SC1593 
MRF587 
2-772 
2N6256 
MRF559 
2-747 
2SC1594 
MRF587 
2-772 
2N6304 
2N6304 
2-116 
2SC1600 
MRF586 
2-772 
2N6305 
2N6305 
2-116 
2SC1603 
MRF752 
2-836 
2N6366 
2N6080 
2-97 
2SC1604 
MRF750 
2-832 


2N6367 
MRF433 
2-640 
2SC1605A 
MRF2628 
2-1009 
2N6368 
MRF455 
2-652 
2SC1606 
2N6080 
2-97 
2N6370 
MRF410 
2-608 
2SC1678 
MRF476 
2-666 
2N6439 
2N6439 
2-121 
2SC1689 
MRF315A 
2-537 
2N6455 
2N6082 
2-103 
2SC1729 
MRF2628 
2-1009 
2N6456 
MRF450A 
2-648 
2SC1763 
MRF464 
2-654 
2N6457 
MRF492 
2-684 
2SC1764 
MRF464 
2-654 
2N6458 
MRF406 
2-604 
2SC1804 
MRF321 
2-549 
2N6459 
MRF450 
2-648 
2SC1805 
MRF323 
2-553 
2N6460 
MRF492 
6-684 
2SC1807 
BFY90 
2-166 


2N6603 
2N6603 
2-125 
2SC1808 
MRF652 
2-816 
2N6604 
2N6604 
2-129 
2SC1945 
MRF479 
2-674 
2N6618 
2N6618 
2-133 
2SC1946 
MRF1946 
2-1000 
2N6679 
2N6679 
2-135 
2SC1946A 
MRF1946A 
2-1000 
2N6985 
2N6985 
2-137 
2SC1947 
MRF237 
2-506 
2N6986 
2N6986 
2-141 
2SC1949 
MRF962 
2-153 
2SA1161 
MM4049 
2-216 
2SC1955 
MRF237 
2-506 
2SA1223 
MRF536 
2-216 
2SC1966 
2N5945 
2-90 
2SA1228 
MM4049 
2-216 
2SC1967 
2N5946 
2-90 
2SA1230 
MRF536 
2-216 
2SC1968A 
MRF641 
2-794 


2SA1245 
MMBR4957L 
2-231 
2SC1969 
MRF475 
2-662 
2SA711 
2N3959 
2-19 
2SC1970 
MRF553 
2-733 
2SA800 
MM4049 
2-216 
2SC1971 
MRF260 
2-515 
2SC1043 
MRF587 
2-772 
2SC1972 
MRF262 
2-523 
2SC1044 
2N6304 
2-116 
2SC1988 
MRF914 
2-922 
2SC1081 
MRF654 
2-824 
2SC2025 
MRF965 
2-153 
2SC1090-1 
2N6604 
2-129 
2SC2026 
MPS911 
2-251 
2SC1119 
MRF901 
2-907 
2SC2040 
MRF587 
2-772 
2SC1239 
MRF475 
2-662 
2SC2065 
MRF587 
2-772 
2SC1251 
MRF587 
2-772 
2SC2075 
MRF476 
2-666 


2SC1252 
MRF5B6 
2-772 
2SC2081 
2N5944 
2-90 
2SC1253 
MRF586 
2-772 
2SC2082 
2N5946 
2-90 
2SC1254 
2N6304 
2-116 
2SC2083 
MRF654 
2-824 
2SC1256 
MRF237 
2-506 
2SC2098 
MRF475 
2-662 
2SC1257 
2N6C81 
2-100 
2SC2099 
MRF406 
2-604 
2SC1258 
2N6081 
2-100 
2SC2100 
MRF492 
6-684 
2SC1259 
2N6083 
2-106 
2SC2101 
2N6081 
2-100 
2SC1260 
2N2857 
2-2 
2SC2102 
MRF2628 
2-1009 
2SC1268 
MRF572 
2-754 
2SC2103A 
MRF1946A 
2-1000 
2SC1275 
2N2857 
2-2 
2SC2104 
MRF652 
2-816 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
, 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


2SC2105 
MRF653 
2-820 
2SC2896 
2N6439 
2-121 


2SC2106 
MRF654 
2-824 
2SC2897 
MRF327 
2-565 


2SC2131 
MRF629 
1-9 
2SC2905 
MRF646 
2-802 


2SC2132 
MRF646 
2-802 
2SC2906AK 
MRF754 
2-840 


2SC2148 
2N6604 
2-129 
2SC2906AM 
MRF754 
2-840 


2SC2149 
MRF572 
2-754 
2SC2915 
MRF646 
2-806 


2SC2174 
MRF572 
2-754 
2SC2917 
MRF247 
2-512 


2SC2178 
MRF221 
2-100 
2SC2931 
MRF557 
2-742 


2SC2181 
MRF224 
2-109 
2SC2932 
MRF840 
2-859 


2SC2207 
MRF475 
2-662 
2SC2933 
MRF842 
2-869 


2SC2217 
MRF572 
2-754 
2SC2946A 
MRF646 
2-802 


2SC2218 
MRF572 
2-754 
2SC2952 
MRF586 
2-772 


2SC2222 
2N5946 
2-90 
2SC2953 
MRF587 
2-772 


2SC2280 
2N5944 
2-90 
2SC2954 
MRFQ19 
2-1065 


2SC2281 
2N5946 
2-90 
2SC3011 
MMBR901L 
2-225 


2SC2282 
MRF2628 
2-1009 
2SC3019 
MRF559 
2-747 


2SC2290 
MRF454 
2-650 
2SC3020 
MRF652 
2-816 


2SC2329 
MRF607 
2-784 
2SC3021 
MRF653 
2-820 


2SC2350 
MRF911 
2-919 
2SC3022 
MRF644 
2-798 


2SC2351 
MMBR571L 
2-241 
2SC3099 
MMBR901L 
2-225 


2SC2367 
MRF572 
2-754 
2SC3101 
MRF630 
2-790 


2SC2369 
MRF2369 
2-1004 
2SC3102 
MRF648 
2-806 


2SC2395 
MRF433 
2-640 
2SC3103 
MRF752 
2-836 


2SC2420 
MRF1946 
2-1000 
2SC3104 
MRF754 
2-840 


2SC2494K 
MRF750 
2-832 
2SC3105 
MRF844 
2-873 


2SC2494M 
MRF750 
2-832 
2SC3120 
MMBR911L 
2-251 


2SC2495K 
MRF752 
2-836 
2SC3133 
MRF479 
2-674 


2SC2495M 
MRF752 
2-836 
2SC3139 
MRF890 
2-887 


2SC2496A 
MRF646 
2-802 
2SC3147 
MRF247 
2-512 


2SC2498 
MPS911 
2-251 
2SC319 
2M4427 
2-23 


2SC2499 
MPS901 
2-247 
2SC320 
MRF607 
2-784 


2SC2503 
MRF1946 
2-1000 
2SC3268 
MRF5711L 
2-1033 


2SC2509 
MRF479 
2-674 
2SC3282 
MRF842 
2-869 


2SC2510 
MRF422 
2-616 
2SC3283 
MRF844 
2-873 


2SC2570 
MPS571 
2-241 
2SC3301 
MRF5711L 
2-1033 


2SC2586 
MRF629 
1-9 
2SC3302 
MRF571 
2-754 


2SC2627 
2N6080 
2-97 
2SC3355 
MPS571 
2-241 


2SC2628 
MRF2628 
2-1009 
2SC3356 
MMBR571L 
2-241 


2SC2629 
MRF1946A 
2-1000 
2SC3358 
MRF572 
2-754 


2SC2630 
MRF247 
2-512 
2SC3429 
MMBR571L 
2-241 


2SC2642 
MRF641 
2-794 
2SC3445 
MMBR571L 
2-241 


2SC2643 
MRF644 
2-798 
2SC3484 
MRF571 
2-754 


2SC2652 
MRF448 
2-642 
2SC3582 
MPS571 
2-241 


2SC2694 
MRF247 
2-512 
2SC3583 
MMBR571L 
2-241 


2SC2753 
MPS571 
2-241 
2SC3604 
MRF572 
2-754 


2SC2759 
MMBR911L 
2-251 
2SC3660A 
TPV8200B 
2-1339 


2SC2782 
MRF247 
2-512 
2SC567 
MRF502 
2-690 


2SC2783 
MRF646 
2-802 
2SC568 
MRF501 
2-690 


2SC2876 
MRF571 
2-754 
2SC571 
2N3924 
2-14 


2SC2879 
MRF421 
2-612 
2SC572 
MRF485 
2-678 


2SC2886 
MRF321 
2-549 
2SC573 
2N6081 
2-100 


2SC2887 
MRF321 
2-549 
2SC585 
PT9734 
2-1123 


2SC2888 
MRF314A 
2-533 
2SC597 
2N3553 
2-8 


2SC2869 
MRF315A 
2-537 
2SC598 
MRF5175 
2-1028 


2SC2890 
MRF316 
2-541 
2SC600 
PT9734 
2-1123 


2SC2891 
MRF317 
2-545 
i 
2SC628 
MRF607 
2-784 


2SC2892 
MRF5174 
2-1025 
f 
2SC635 
2N5641 
2-64 


2SC2893 
MRF321 
2-549 
) 
2SC636 
PT9734 
2-1123 


2SC2894 
MRF323 
2-553 
2SC637 
MRF485 
2-678 


2SC2895 
MRF325 
2-557 
2SC638 
2N6081 
2-100 
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ALPHANUMERIC CROSS REFERENCE(continued) 


Industry 
Part Number 


2SC651 
2SC652 


2SC730 
2SC821 
2SC822 
2SC823 
2SC824 


2SC831 
2SC852 


2SC890 


2SC891 
2SC692 
2SC988 
2SC988A 


2SC990 
2SC994 


2SC998 


35821B 


35825E 


40637A 


41009A 


8BSE10 
8BSE30 
8M0B1 
8MOB10 
8MOB15 
8MOB15E 
8MOB2 
6MOB25 
8MOB30 


Motorola 
Direct 
Replacement 


2N4428 


2M4427 


2N4427 


MRF914 


2N5944 
MRF892 
MRF894 


MRF838A 


MRF842 
MRF873 


MRF844 


Motorola 
Similar 
Replacement 


2N4428 


2N4427 


2N5109 


2N5943 
MRF321 


2N5943 
MRF515 


MRF652 


MRF653 
MRF914 


MRF323 


2N4427 
MRF237 


2N6603 


2N6603 
MRF515 


MRF840 


MRF839 


MRF844 


8MOB45 
MRF846 
8MOB5 
MRF840 
8MOB5E 
MRF839F 
9BSE10 
MRF892 
9BSE2 
MRF890 
9BSE35 
MRF894 
9BSE55 
MRF898 
A-AU12 
MHVV806A1 
A-AU30 
MKW806A1 
A15-12 
MRF406 


A210 
MRF517 
A234 
MRF581 
A25-28 
MRF314A 
A3-12 
2N6061 
A3-28 
2N5641 
A400 
MRF904 
A401 
MRF914 
A402 
MRF904 
A403 
MRF914 
A406 
MRF965 


A440 
MM4049 
A485 
BFX89 
A486 
BFW92A 
A490 
BFX89 
A500 
2N6603 
A501 
2N6603 
A510 
2N6604 
A511 
2N6604 


A516 
MRF581 
A522 
MRF521 


No. 


2-25 


2-25 


2-23 


2-23 


2-23 


2-44 


2-83 


2-549 


2-83 


2-697 


2-816 


2-820 


2-922 


2-922 


2-553 


2-23 


2-506 


2-125 


2-125 


2-697 


2-90 


2-895 


2-899 


2-850 


2-859 


2-869 


2-883 


2-854 


2-873 


2-873 


2-876 


2-859 


2-854 


2-895 


2-887 


2-899 


2-903 


5-142 


5-142 


2-604 


2-700 


2-764 


2-533 


2-100 


2-64 


2-913 


2-922 


2-913 


2-922 


2-153 


2-216 


2-166 


2-161 


2-166 


2-125 


2-125 


2-129 


2-129 


2-764 


2-705 


Industry 
Part Number 


A523 


A52B 


A551 


A561 


A573 


A574 


A80-12 


A80-12G 
ABC900-60E 
ACR900-30E 


ACR900-30U 


AMR175-60 


AMR225-60 


AMR440-60 


AMR470-60 
AMR900-30 
AMR900-60 
AMR900-60A 


AMR900-80 


AMR960-100 


AMR960-35E 


AMR960-70E 
AMR960-70U 
AMR960-80 
AP15-12 
AP30-12 


AP30-12L 


AT0017 


AT0017A 


AT004 


AT0045 
AT1425 
AT1825 
AT1845 
AT1845A 


AT25 


AT25A 


AT25B 
AT2625 


AT2645 


AT2645A 


AT2715 
AT50 


AT51 


AT52 


ATV5030 
ATV5090B 


ATV6030 


ATV6031 
ATV7050 


ATV7060 
B1-12 


B12-12 


B12-28 


B2-8Z 


B25-28 


B2512 


B3-12 


B3-28 


B30-12 
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Motorola 
Direct 
Replacement 


MRF942 


MRF962 


MRF942 


ACR900-30E 


AMR175-60 


AMR225-60 


AMR440-60 


AMR470-60 


AMR900-60 
AMR900-60A 


AMR900-80 


AMR960-100 


AMR960-80 


MRF261 


MRF477 


MRF477 
MRF904 
MRF904 


MRF904 


2N6604 


2N6603 


2N6603 


MRF962 


BFR90 
BFR90 


BFR90 


ATV5030 


ATV5090B 


ATV6031 


ATV6031 
ATV7050 


ATV7060 


2N6081 


2N5642 


2N5643 


2N6082 


2N6080 
2N5641 


2N6083 


Motorola 
Similar 
Replacement 


MRF521 


MRF521 


MRF572 


MRF492 


MRF492 


AMR900-60 


ACR900-30E 


ACR900-30E 


ACR900-30E 
AMR960-80 


AMR960-80 


MRF904 


BFR90 


MRF901 


MRF901 


MRF901 


2N6603 


2N6603 


2N6603 


MRF553 


2N6080 


No. 


2-705 


2-705 


2-933 


2-153 


2-933 


2-754 


2-684 


2-684 


5-7 


5-2 


5-2 


5-3 


5-4 


5-5 


5-6 


5-2 


5-7 


5-10 


4-4 


4-4 


5-2 


4-4 


4-4 
44 


2-519 


2-670 


2-670 


2-913 


2-913 


2-913 


2-913 


2-145 


2-129 


2-125 


2-125 


2-907 


2-907 


2-907 


2-125 


2-125 


2-125 


2-153 


2-145 


2-145 


2-145 


5-12 


5-15 


5-16 


5-16 


5-17 


5-19 


2-733 


2-100 


2-67 


2-97 


2-70 


2-103 


2-97 


2-64 


2-106 


ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


B40-12A 


B40-28 


B45-12 
B5-12 
B5-8Z 
B70-28 


B8-12 
BAL0105-100 


BAL0105-50 


BAM100SR 


BAM120 
BAM120SR 


BAM20 


BAM40 


BAM40SR 


Motorola 
Direct 
Replacement 


2N6084 


2N6081 


MRF212 


MRF314 


MRF315 
MRF315 


MRF136 


MRF172 


MRF134 
MRF571 


MRF2369 


MRF961 


MRF2369 


Motorola 
Similar 
Replacement 


2N5643 


2N6080 


2N6166 


MRF392 


MRF390 


MRF317 


MRF317 


MRF317 


2N6166 


2N6166 


MRF174 


MRF137 


MRF536 


MRF901 


MRF914 


MRF581 


BAM80SR 


BF100-35 


BF14-35 


BF25-35 


BF50-35 
BF679 
BF7-35 
BFG195 
BFG90A 


BFG91A 


BFG96 
BFP10 
BFP91A 


BFP96 


BFQ17 
MRFQ17 


BFQ18A 
MRF5812 


BFQ19 
MRFQ19 


6FQ22 
MRF904 


BFQ22S 
MRF914 


BFQ23 
MRF536 


BF034 
TP3401 


BFQ34T 
MRF580 


BFQ42 
MRF607 


BFQ43 
MRF237 


BFQ5. 
MRF536 


BFQ63 
MRF914 


BFQ66 
MRF572 


BF068 
TP3402 


BFQ85 
MRF571 


BFR36 
MRF517 


BFR38 
2N4959 


BFR49 
2N6603 


BFR53 
MMBR920L 


BFR63 
MRF511 


BFR64 
MRF511 


BFR65 
MRF511 


BFR90 
BFR90 


BFR90A 
BFR90 


BFR91 
BFR91 


BFR91A 
MRF571 


BFR92 
BFR92 


BFR93 
BFR93 


BFR94 
MRF587 


BFR95 
MRF517 


No. 


2-109 


2-70 


2-109 


2-100 


2-97 


2-112 


1-6 


2-593 


2-589 


2-545 


2-545 


2-545 


2-533 


2-537 


2-537 


2-112 


2-112 


2-452 


2-345 
2-355 


2-444 


2-216 


2-337 


2-754 


2-907 


2-1004 


2-153 


2-922 
2-1004 


2-764 


2-1063 


2-1037 


2-1065 


2-913 
2-922 


2-216 


2-1222 


2-764 


2-784 


2-506 


2-216 


2-922 
2-754 


2-1225 


2-754 


2-700 


2-27 


2-125 


2-226 


2-692 


2-692 


2-692 


2-145 


2-145 


2-148 


2-754 


2-151 


2-152 


2-772 


2-700 


Industry 
Part Number 


BFR96 


BFR96S 


BFR99 
BFRC90 


BFRC91 
BFRC96 
BFS17 


BFS17S 


BFS22A 


BFT24 


BFT50 
BFT95 


BFT96 
BFW16A 


BFW17A 


BFW46 


BFW47 


BFW92A 


BFW93 
BFW94 


BFX89 


BFY90 


BG41C 


BGD102 
BGD502 


BGX885 


BGY40A 


BGY40B 


BGY40C 


BGY41A 


BGY41B 


BGY41C 


BGY49A 


BGY49B 


BGY50 


BGY51 
BGY52 
BGY53 


BGY54 


BGY55 


BGY56 


BGY57 


BGY584 


BGY584A 


BGY5B5 


BGY585A 


BGY587 


BGY58A 


BGY59 


BGY61 


BGY65 
BGY67 


BGY67A 


BGY70 


BGY71 


BGY78 


BGY81 


BGY84 


BGY84A 


BGY85 


MOTOROLA RF DEVICE DATA 
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Motorola 
Direct 
Replacement 


BFR96 


MRF580A 


BFR99 
BFRC90 


BFRC91 
BFRC96 


MRF931 


MRF904 


MRF517 


MRF517 


2N3924 


2N3553 
BFW92A 


MRF559 


BFX89 
BFY90 


MHW710-3 


MHW5185 


MHW6185 


CA901 


MHW709-1 


MHW709-2 


MHW709-3 


MHW710-1 


MHW710-2 


MHW710-3 


MHW720A1 


MKW720A2 


MHW5171A 


MHW5172A 


MHW5222A 


MHW6171 


MHW6181 
MHW6172 
MHW6182 


MHW6222 


MHW5342A 


MKW5382A 
MHW1134 


MHW1184 


MHW1224 


MHW1244 


MHVV5122A 


MHW5342A 


MHW5122A 


MHW5171A 


MHW5181A 


MHW5172A 


Motorola 
Similar 
Replacement 


BFR93 


BFR93 


2N3924 


MRF536 


MRF536 


MRF911 


MHW5122A 


MHW5122A 


MHW5171A 
MHW5172A 


MHW5222A 


MKW5122A 


No. 


2-153 


2-764 


4-21 


4-21 


4-21 


2-153 


2-152 


2-152 


2-14 


2-925 


2-913 


2-216 


2-216 


2-700 


2-700 


2-14 


2-8 


2-161 


2-919 


2-747 


2-166 


2-166 


5-120 


5-175 
5-175 


5-20 


5-116 


5-116 


5-116 


5-120 


5-120 


5-120 


5-128 


5-128 


5-165 


5-165 


5-171 


5-171 


5-171 


5-171 


5-178 


5-178 


5-193 


5-194 


5-193 


5-194 


5-196 


5-185 
5-187 


5-161 


5-161 


5-161 


5-161 


5-165 


5-165 


5-185 


5-165 


5-171 


5-173 


5-171 


I 


ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


BGY85A 
BGY86 
BGY87 
BGY68 


BGY91A 


BGY91B 


BGY92C 
BLF145 
BLF147 
BLF175 


BLF177 
BLF242 
BLF244 


BLF245 
BLF246 
BLF278 


BLF368 
BLT90 


BLT90SL 
BLU20/12 


BLU45/12 
BLU52 


BLU53 


BLU6CV12 


BLU99 


BLV10 


BLV11 


BLV15/12 


BLV20 


BLV21 


BLV25 


BLV30 


BLV31 


BLV32F 


BLV33 
BLV33F 


BLV36 


BLV38 


BLV45/12 


BLV57 


BLV59 


BLV75v12 


BLV75/12 


BLV80728 


BLV90 
BLV92 


BLV93 
BLV94 


BLV94 


BLV95 


BLV96 
BLV97 


BLW29 


BLW31 
BLW32 


BLW33 


BLW34 
BLW50 


BLW60C 


Motorola 
Direct 
Replacement 


MHW5182A 


MHW5222A 


MHW5222A 


MHW5342A 


MHW812A3 


MRF138 
MRF140 


MRF148 


MRF150 
MRF134 


MRF136 
MRF137 


MRF172 


MRF151G 


MRF644 


MRF646 


MRF390 


MRF648 


MRF581 


MRF212 


MRF221 


MRF314 


TPV394A 


TPV657 


MRF247 


MRF247 


MRF316 
MRF838A 


MRF873 
TP3012 


MRF894 


MRF2628 
MRF1946A 


TPV693 


Motorola 
Similar 
Replacement 


MHW806A2 


MHW806A3 


MRF175GV 


MRF557 


MRF557 


MRF392 


MRF839 


MRF221 
2N5641 


TP9383 


MRF5175 


TPV385 
TPV376 
TPV387 


TPV3100 


TPV1325B 


MRF433 


TPV695B 


MRF840 


MRF840 


MRF844 


MRF846 


TPV596 
TPV597 


2N6084 


Page 
No. 


5-173 


5-178 


5-178 


5-185 


5-142 


5-142 


5-152 


2-363 


2-368 


2-384 


2-389 


2-337 


2-345 


2-355 


2-444 


2-400 


2-460 


2-742 


2-742 


2-798 


2-802 


2-589 


2-593 


2-806 


2-764 


2-854 


1-6 


2-100 


2-100 
2-64 


2-533 


2-1243 


2-1028 


2-1291 
2-1287 


1-16 


2-1289 


2-1324 


1-16 


2-640 


2-1314 


2-1322 


2-512 


2-512 


2-541 


2-850 


2-859 


2-859 


2-883 
2-1179 


2-873 


2-876 


2-899 
2-1009 


2-1000 


1-16 


2-1309 


2-1319 


2-109 


2-109 


Industry 
Part Number 


BLW64 


BLW75 


BLW76 


BLW77 


BLW78 


BLW79 


BLW80 


BLW81 
BLW82 


BLW83 


BLW84 


BLW85 


BLW86 


BLW87 


BLW89 
BLW90 


BLW91 
BLW95 


BLW96 


BLW97 


BLW98 


BLW99 


BLX13 
6LX13C 


BLX14 


BLX39 


BLX65 


BLX66 


BLX67 


BLX68 


BLX69A 


BLX91 


BLX91A 


BLX92 


BLX92A 


BLX93 


BLX93A 


BLX94A 


BLX94C 


BLX95 


BLX96 


BLX97 


BLX98 


BLY53A 


BLY57 


BLY58 


BLY59 


BLY60 


BLY87A 


BLY87C 


BLY88A 


BLY88C 


BLY89A 


BLY89C 


BLY69C 


BLY91A 


BLY91C 


BLY92A 


BLY92C 


BLY93A 


MOTOROLA RF DEVICE DATA 
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Motorola 
Direct 
Replacement 


MRF208 


MRF226 


MRF464 


2N5944 


MRF652 


2N5946 


MRF426 


MRF314 


MRF315 


2N6082 
MRF5174 


MRF5175 


MRF321 


MRF429 


MRF421 


MRF315A 


MRF2628 


2N6081 


2N6082 


TP2325 


2N5642 


Motorola 
Similar 
Replacement 


MRF422 
MRF464 


MRF644 


MRF224 


MRF448 
MRF422 


TPV598 


MRF426 
MRF426 
MRF464A 


MRF629 
2N5944 


2N5946 


2N5946 


MRF654 


MRF313 
MRF313 
MRF5174 
MRF5174 
MRF321 


MRF321 
MRF325 
MRF323 
MRF325 


TPV596 
TPV597 


TPV598 


2N5946 
MRF485 


2N5641 
PT9734 


MRF212 


2N6081 


2N6082 


2N5641 


2N5641 


2N5642 


MRF314A 


Page 
No. 


1-7 


2-484 


2-654 


2-616 
2-654 


2-90 


2-816 


2-90 


2-798 


2-620 


2-533 


2-109 


2-537 


2-103 


2-1025 


2-1028 


2-549 


2-632 


2-642 


2-616 


2-1312 


2-612 


2-620 


2-620 


2-654 


2-537 


1-9 


2-90 


2-90 


2-90 


2-824 


2-531 


2-531 


2-1025 


2-1025 


2-549 


2-549 


2-557 


2-553 


2-557 


1-16 


2-1309 


2-1312 


2-90 


2-678 
2-100 


2-64 


2-1123 


1-6 


2-1009 


2-100 


2-100 


2-103 


2-103 


2-1157 


2-64 


2-64 


2-67 


2-67 


2-533 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 


Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


BLY93C 
MRF314A 
2-533 
CA2818B 
CA2818 
5-31 


BLY94 
MRF315A 
2-537 
CA2818H 
CA2818H 
5-31 


1 BMiOO-28 
MRF317 
2-545 
CA2820 
CA2820 
5-34 


BM45-12 
MRF247 
2-512 
CA2820B 
CA2820 
5-34 


BM70-12 
MRF247 
2-512 
CA2820H 
CA2820H 
5-34 


BM80-12 
MRF247 
2-512 
CA2830 
CA2830 
5-37 


BP15-12 
MRF262 
2-523 
CA2830B 
CA2830 
5-37 


BP30-12 
MRF264 
2-527 
CA2830H 
CA2830H 
5-37 


BP30-12L 
MRF264 
2-527 
CA2832 
CA2832 
5-40 


BP8-12 
MRF262 
2-523 
CA2832B 
CA2832 
540 


BT500 
BT500 
2-170 
CA2832H 
CA2832H 
5-40 


BT500F 
BT500F 
2-171 
CA2833 
CA2833 
5-37 


C1-12 
TP2502 
2-1162 
CA2838 
CA2838 
— 


C1-28 
MRF313 
2-531 
CA2839 
CA2839 


C1/2-12 
MRF627 
2-786 
CA2839H 
CA2839H 
— 


C12-28 
MRF321 
2-549 
CA2840 
CA2842 
5-43 


C2-8Z 
MRF752 
2-836 
CA2840H 
CA2842 
5-43 


C25-28 
MRF323 
2-553 
CA2842 
CA2842 
5-43 


C2M100-28 
MRF329 
2-569 
CA2842B 
CA2842 
5-43 


C2M100-23A 
MRF329 
2-569 
CA2842H 
CA2842H 
5-43 


C2M50-28 
MRF326 
2-561 
CA2846 
CA2842 
5-43 


C2M50-28R 
MRF326 
2-561 
CA2850 
MHW5182A 
5-173 


C2M60-28 
2N6439 
2-121 
CA2850R 
CA2850R 
5-46 


C2M60-28R 
2N6439 
2-121 
CA2850RH 
CA2850R 
5-46 


C2M70-28R 
MRF327 
2-565 
CA2851R 
CA2851R 
5-46 


C3-12 
MRF652 
2-816 
CA2870 
CA2870 
5-49 


C3-28 
MRF5174 
2-1025 
CA2870B 
MHW5342A 
5-185 


C40-28 
MRF325 
2-557 
CA2870H 
CA2870H 
549 


C5-12 
MRF652 
2-816 
CA2875R 
CA2875R 
5-52 


C5-8Z 
MRF754 
2-840 
CA2875RH 
CA2875R 
5-52 


CA100 
MHW5171A 
5-171 
CA2876R 
CA2875R 
5-52 


CA200 
MHW5172A 
5-171 
CA2876RH 
CA2875RH 
5-52 


CA2100 
MHW5171A 
5-171 
CA2880R 
CA2875R 
5-52 


CA2101R 
MHW5171R 


— 
CA2885 
MHW6185 
5-175 


CA2200 
MHW5171A 
5-171 
CA2885R 
MHW6185 
5-175 


CA2201R 
MHW5172R 
— 
CA2888 
CA2832 
540 


CA2300 
MHW5222A 
5-178 
CA2888H 
CA2832H 
540 


CA2300R 
MHW5222R 
1- 
CA2689 
CA2832 
540 


CA2301 
MHW5222A 
5-178 
CA2889H 
CA2832H 
540 


CA2301R 
MHW5222R 
1- 
CA2890 
CA2870 
549 


CA2418 
MHW1184 
5-161 
CA2890B 
CA2870 
549 


CA2422 
MHW1224 
5-161 
CA2890H 
CA2870H 
549 


CA2600 
MHW5342A 
5-185 
CA2891 
CA2820 
5-34 


CA2700 
MHW5382A 
5-187 
CA2891H 
CA2620H 
5-34 


CA2800 
CA2800 
5-22 
CA3100 
MHW5171A 
5-171 


CA2800B 
CA2800 
5-22 
CA3101 
MHW5172A 
5-171 


CA2800H 
CA2800 
5-22 
CA3101R 
MHW5172R 
— 


CA2810 
CA2810C 
5-25 
CA3170 
MHW5171A 
5-171 


CA2810B 
CA2810C 
5-25 
CA3170R 
MHW5172R 
— 


CA2810C 
CA2810C 
5-25 
CA3180 
MHW5141A 
5-167 


CA2810H 
CA2810C 
5-25 
CA3200 
MHW5172A 
5-171 


CA2812 
MHW593 
5-100 
CA3201 
MHW5172A 
5-171 


CA2812B 
MHW593 
5-100 
CA3201R 
MHW5172R 
— 


CA2812H 
MHW593 
5-100 
CA3218 
MHW5162A 
5-173 


CA2813 
CA2813C 
5-28 
CA3220 
MHW5181A 
5-173 


CA2813B 
CA281X 
5-28 
CA3220R 
MHW5182R 
— 


CA2813C 
CA2813C 
5-28 
CA3270 
MHW5172A 
5-171 


CA2813CH 
CA2813CH 
5-28 
CA3270R 
MHW5172R 
— 


CA2813H 
CA2813CH 
5-28 
CA3280 
MHW5141A 
5-167 


CA2818 
CA2818 
5-31 
CA3300 
MHW5222A 
5-178 


MOTOROLA RF DEVICE DATA 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


CA3300R 


CA3301 
CA3301R 
CA3600 
CA3700 
CA401B 


CA4101 
CA4101R 
CA416 


CA4170 


CA4170R 
CA418 
CA4180 
CA4200R 


CA4201 
CA4201R 
CA4220 


CA4220R 
CA4270 
CA4270R 


CA4280 
CA4300 


CA4300R 
CA4301 


CA4301R 
CA4411 


CA4412 
CA4416 
CA4416R 
CA4422 


CA4422R 
CA4424 
CA4600 
CA4700 
CA4800 
CA4800H 


CA4812 


CA4812H 
CA4815 
CA4815H 


CA5001 
CA5001R 


CA5100R 
CA5101 
CA5101R 


CA5170 
CA5170R 
CA5180 


CA5200R 


CA5201 


CA5201R 
CA5270 
CA5270R 
CA5280 
CA5300 
CA5300R 


CA5301 
CA5301R 
CA5501 
CA5501R 


Motorola 
Direct 
Replacement 


MHW5222A 


MHW5342A 


MHW5382A 


MHW5171A 


MHW5171A 


MHW1184 


MHW5141A 


MHW5172A 


MHW5171A 


MHW5141A 


MHYV5222A 


MHW5222A 


MKW1134 


MHW1134 


MHW1184 


MHW5182R 
MHW1224 


MHW5222R 


MKW1244 


MHW5342A 


MHW5342A 
CA4800 
CA4800H 


CA4812 
CA4812H 


CA4815 


CA4815H 


MHW5162A 


MHW5182R 


MHW5181R 


MHW5181A 


MHW5181R 


MHW5171A 


MHW5141A 


MHW5172A 


MHW5142A 


MHW5222A 


MHW5222A 


MHW5185 


Motorola 
Similar 
Replacement 


MHW5222R 


MHW5222R 


MHW1182 


MHW5172A 


MHW1184 


MHW5172R 


MHW5172R 


MHW5172R 


MHW5181A 


MHW5182R 


MHW5172R 


MHW5222R 


MHW5222R 


MHW5172R 


MHW5182R 


MHW5182A 


MHW5182R 


MHW5172R 


MHW5222R 


MHW5222R 


MHW5185R 


No. 


5-178 


5-185 
5-187 


5-171 


5-171 


5-161 


5-171 


5-161 


5-167 


5-171 


5-173 


5-171 


5-167 


5-178 


5-178 


5-161 


5-161 


5-161 


5-161 


5-161 


5-185 


5-185 


5-55 


5-55 


5-58 


5-58 


5-62 


5-62 


5-173 


5-173 


5-171 


5-167 


5-173 


5-173 


5-171 


5-167 


5-178 


5-178 


5-175 


5-175 


Industry 
Part Number 


CA5520 


CA5520R 
CA5600 
CA5700 


CA5800 


CA5B0OH 


CA5815 


CA5815H 


CA601BU 


CA6101 


CA6201 
CA6220 
CA636 


CA6501 
CA6501R 


CA6520 


CA6520R 


CA7901 


CA801 
CA804 


Motorola 
Direct 
Replacement 


MHW5342A 
MHW5382A 


CA5800 


CA5800H 


CA5815 
CA5815H 


MHW6181 


MHW6182 


MHW5342A 


MKW6185 


CA7901 


MHW590 


CA860 
MHW592 
CA870 
MHW590 
CA900 
CA901 
CA901 
CA901 
CAB914 


CAR2424H 
CAR2424H 
CAR2800 
CAR2800 
CAR2810 
CAR2810 
CAR2812 
CAR2812 
CAR2813 
CAR2813 


CAR2818 
CAR2818 
CAR2820 
CAR2820 
CAR2830 
CAR2830 
CAR2832 
CAR2832 
CAR2839 
CAR2839 
CAR2842 
CAR2842 
CAR2850R 
CAR2850R 
CAR2870 
CAR2870 
CAR2875R 
CAR2875R 
CAR2876R 
CAR2876R 


CAR4800 


CAR4812 
CAR4815 
CAR5800 
CAR5815 
C01752 
CO1802 
CD1880 
C01979 
C02035 


CD2G87 


CD2088 
CD2089 
CD2505 
CD2514 


C02545 
CD2810 
C02811 


C02812 
CD2813 


CAR4800 
CAR4812 
CAR4815 
CAR5800 


CAR5815 


MRF226 


CO1880 


MRF5175 


MRF321 


MRF323 


MRF5175 


MOTOROLA RF DEVICE DATA 
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Motorola 
Similar 
Replacement 


MHW5185 
MHW5185R 


MHW5342A 


MHW6181 


MHW6185R 


MHW6185 


MHW6185R 


MHW590 


CA901 


MRF317 


MRF325 


MRF5175 


2N6081 


MRF450 


MRF321 


MRF321 


MRF321 


MRF321 


No. 


5-175 


5-175 


5-185 


5-187 
5*4 
5*1 
5*7 
5*7 


5-185 


5-194 


5-194 


5-194 


5-185 


5-175 


4-9 


5-175 


4-9 


5-74 


5-91 


5-91 


5-97 


5-91 


5-20 


5-20 


5-20 


4-13 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


4-11 


2-545 
2484 


2-557 


2-1028 


2-1028 


2-549 


2-553 


2-1028 


2-100 


2-648 


2-549 


2-549 


2-549 


2-549 


ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


CD3025 


CO3240 
CO3400 


CD3401 


CD3403 
CD3463 


CD3660 
CD4024 


CD4880 


CD5916 
CD5918 


CD5919A 


CD5944 


CD5945 
CD5946 
CD6105 
CD6105A 
CD7012 


CF4-28 


CG125 
CG125A 


CG125B 
CG125C 
CG125D 
CG125L 
CG127 
CG127A 
CG127B 


CHEO 


CM10-12A 


CM10-28 
CM20-12A 


CM25-28 


CM25-28A 
CM30-12A 


CM45-12A 


CM45-28 


CM60-12A 


CM80-28 


CM8D-28R 
CME50-12 


CP5-12 
CR2424 
CR2424H 
CR2424R 


CR2425 
CTC1175M 


CTC1350M 
CTC14 


CTC15 


CTC2001A 
CTC2003A 


CTC2005A 


CTC2010 


CZ8110 


CZ8120 


CZ8130 
CZ8210 
CZ8220 


Motorola 
Direct 
Replacement 


2N5946 
CD3240 


MRF421 


MRFC901 


MRF224 


CD4880 


CD5890 


MRF5174 


MRF321 


MRF323 


2N5944 


2N5945 


2N5946 


MRF454 


MRF161 


2N6603 


2N6604 


MRF572 


MRF641 


MRF325 


MRF644 


MRF646 


MRF648 
MRF327 


MRF327 


MRF660 
CR2424 
CR2424H 
CR2424R 


CR2425 
MRF1150M 
MRF1325M 


MRW2001 


MRW2003 


MRW2005 


MRW20I0 


MWA110 


MWA120 


MWA130 


MWA210 


MWA220 


Motorola 
Similar 
Replacement 


MRF315 


MRF316 


MRF317 


MRF325 


MRF325 


2N6603 


MRF572 


MRF572 


2N6604 


MRF572 


MRF572 


TP2502 


MRF641 


MRF321 


MRF325 


MRF326 


MRF648 


MRF464A 


MRF428 


NO. 


2-90 


2-537 


2-541 


2-545 


2-612 


4-21 


2-109 


2-1025 


2-549 


2-553 


2-90 


2-90 


2-90 


2-557 


2-557 


2-650 


2412 


2-125 


2-125 


2-754 


2-754 


2-129 


2-129 


2-754 


2-754 


2-754 


2-1162 


2-794 


2-549 


2-794 


2-557 


2-557 


2-798 


2-802 


2-561 


2-806 


2-565 


2-565 


2-806 


2-828 


5-78 


5-78 


4-13 


5-78 


2-984 


2-996 


2-654 


2-628 


2-1067 


2-1067 


2-1067 


2-1067 


5-214 


5-214 


5-214 


5-229 


5-229 


Industry 
Part Number 


CZ8230 


CZ8310 
CZ8320 


CZ8330 


CZ8401 
CZ8402 
CZ8403 
CZ8404 


CZ8461 
CZ8462 


CZ8463 


CZ8464 


D1-12E 


D1-28 


D1/2-12 


D10-28 


D10P 
D2-12E 


D20-28 


D3-28 


DHP02-3640 
DHP05-18-20 


DHP05-36-10 
DHP10-14-15 


DHP10-32-08 


DM10P 
DM30-12BA 


DM30P 
DM50P 
DMB10-12 


DMB10-12BA 


DMB10-25 


DMB15-12 


DMB20-12 


DMB20-12BA 


DMB30-12 


DMB30-25 


DMB45-12 
DMB45-128A 


DMB5-12 


DMB5-12BA 


DME10 


DME120L 


DME150 


DME2 


DME25 


DME250 


DME30L 


DME375 
DME375A 


DME50 


DME6L 


DME7 


DME75 
DME6250 


DMEG70 


DV1006 


DV1007 


DV1008 


DV1010 


Motorola 


Direct 
Replacement 


MYVA230 


MWA310 


MYVA320 


MWA330 


MRF321 


MRF323 


DHP02-3640 


DHP05-18-20 
DHP05-36-10 
DHP10-14-15 
DHP10-32-08 


MRF844 


MRF840 


MRF840 


MRF892 


MRF842 


MRF842 


MRF844 


MRF894 


MRF846 
MRF846 


MRF1150M 


MRF137 


MRF171 


MRF172 


MRF174 
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Motorola 
Similar 
Replacement 


MWA110 


MWA120 


MWA230 


MWA230 


MWA110 


MWA120 


MWA230 


MWA230 


MRF838A 


MRF313 


MRF838A 


MRF1015MA 


MRF839 


MRF5174 


MRF1015MB 


MRF1035MB 


MRF1090MB 


MRF842 


MRF840 


MRF840 
MRF1015MA 


MRF1150MA 


MRF1002MA 


MRF1035MA 


MRF1250M 


MRF1035MA 
MRF1325M 
MRF1325M 


MRF1090MA 


MRF1008MA 


MRF1008MA 


MRF1090MB 


MRF1250M 


MRF1090MA 


No. 


5-229 
5-237 


5-237 


5-237 


5-214 


5-214 


5-229 


5-229 


5-214 


5-214 


5-229 


5-229 


2-850 


2-531 


2-850 


2-549 


2-972 


2-854 


2-553 


2-1025 


5*2 
5*3 


5-84 


5-85 
5*6 


2-972 


2-873 


2-976 


2-980 


2-859 


2*59 
2*95 


2*69 


2-869 
2*69 
2*73 


2-899 
2*76 
2*76 


2*59 


2-859 


2-972 


2-988 


2-984 


2-960 


2-976 


2-992 


2-976 


2-996 


2-996 


2-980 


2-968 


2-968 


2-980 


2-992 


2-980 


2-355 


2436 
2444 


2452 
• 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
. Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


DV2805S 
MRF134 
2-337 
J01006 
MRF317 
2-545 
DV2810S 
MRF136 
2-345 
J02000 
MRF325 
2-557 
DV28120U 
MRF174 
2452 
J02005 
MRF325 
2-557 
DV2820S 
MRF171 
2436 
J02007A 
2N6439 
2-121 
DV2880U 
MRF172 
2444 
J02009 
MRF325 
2-557 
ESM269 
MRF914 
2-922 
J02014 
MRF326 
2-561 
FF124 
FF124 
5-87 
J02015A 
J02015A 
2-172 
FF124B 
FF124B 
5*7 
J02016 
MRF327 
2-565 
FF224 
FF224 
5*9 
J02017 
TP5060 
2-1239 
FF224B 
FF224B 
5-89 
J02017 
TP5060 
2-1239 


FM150 
TP9383 
2-1243 
J03012 
MRF641 
2-794 
FM175 
TP9383 
2-1243 
J03015 
MRF641 
2-794 
FR1030 
RF1030 
2-1136 
J03025 
MRF644 
2-798 
GM-104-100 
MRF329 
2-569 
J03028 
MRF644 
2-798 
GM-104-1A 
MRF313 
2-531 
J03030 
MRF646 
2*02 
GM-104-20 
MRF323 
2-553 
J03035 
MRF646 
2*02 
GM-1044 
MRF5174 
2-1025 
J03037 
J03037 
2-173 
GPA1001 
MWA310 
5-237 
J03040 
MRF646 
2*02 
GPA1002 
MWA320 
5-237 
J03045 
MRF646 
2-802 
GPA1003 
MWA330 
5-237 
J03050 
MRF650 
2*10 


GPA1004 
MWA320 
5-237 
J03055 
MRF648 
2*06 
GPA1005 
MWA320 
5-237 
J03060 
MRF648 
2-806 
GPA1006 
MWA320 
5-237 
J03401 
MRF840 
2*59 
GPA1007 
MWA320 
5-237 
J03402 
MRF842 
2*69 
GPA501 
MWA210 
5-229 
J03403 
MRF844 
2*73 
GPA502 
MWA220 
5-229 
J03404 
MRF844 
2*73 
GPA503 
MWA230 
5-229 
J03405 
MRF846 
2*76 
GPA510 
MWA210 
5-229 
J03406 
MRF846 
2*76 
GPA511 
MWA220 
5-229 
J03501 
MRF892 
2*95 
GPA512 
MWA230 
5-229 
J03502 
MRF894 
2*99 


GPD110 
MWA110 
5-214 
J04020 
MRF216 
GPD120 
MWA120 
5-214 
J04028 
MRF216 
GPD130 
MWA130 
5-214 
J04030 
MRF216 
GPD310 
MWA310 
5-237 
J04036 
MRF240A 
2-508 
GPD320 
MWA320 
5-237 
J04040 
MRF216 
GPD330 
MWA330 
5-237 
J04045 
MRF24QA 
2-508 
GPD401 
MVYA110 
5-214 
J04070 
MRF4070 
2-1015 
GPD402 
MVYA120 
5-214 
J04075 
MRF247 
2-512 
GPD403 
MWA230 
5-229 
J04080 
MRF247 
2-512 
GPD404 
MWA230 
5-229 
LMIL1 
MRF890 
2*87 


GPD461 
MWA110 
5-214 
LNA1001 
MWA310 
5-237 
GPD462 
MWA120 
5-214 
LT1001A 
LT1001A 
2-182 
GPD463 
MWA230 
5-229 
LT1739 
LT1839 
2-189 
GPD464 
MWA230 
5-229 
LT1814 
LT1814 
2-185 
H100-28 
MRF422 
2*16 
LT1817 
LT1817 
2-187 
H100-50 
MRF428 
2-628 
LT1839 
LT1839 
2-189 
H175-50 
MRF428 
2*28 
LT2001 
LT2001 
2-191 
H50-28 
MRF464 
2*54 
LT3005 
LT3005 
2-195 
HMIL-100-28 
MRF422 
2*16 
LT3014 
LT3014 
2-198 
HMIL-150-50 
MRF429 
2-632 
LT3046 
LT3046 
2-202 


HXTR2102 
2N6604 
2-129 
LT3047 
MRF904 
2-913 
HXTR6104 
2N6603 
2-125 
LT3072 
MRF904 
2-913 
HXTR6105 
2N6603 
2-125 
LT3203 
MRF580 
2-764 
IMD2001 
MRW2001 
2-1067 
LT3204 
MRF581 
2-764 
IMD2003 
MRW2003 
2-1067 
LT3700 
2N6603 
2-125 
IMD2005 
MRW2005 
2-1067 
LT3703 
MRF901 
2-907 
IMD2010 
MRW2010 
2-1067 
LT3704 
MRF901 
2-907 
IMD604HA 
MRW2O01 
2-1067 
LT3746 
MRF905 
2-917 
IM0604KB 
MRW2003 
2-1067 
LT3772 
MRF904 
2-913 
IMD604HC 
MRW2005 
2-1067 
LT4217 
LT4217 
4-21 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


LT4239 


LT4403 


LT4404 


LT4485 


LT4700 


LT4703 
LT4704 


LT4746. 


LT4772 


LT5217 


LT5239 


LT5817 


LT5839 


M57704H 


M57704L 


M57704L/M 


M57704M 


M57704UH/SH 


M57714H 


M57714LM 


M57714UH/SH 


M57729/L 


M57729H 


M57734 


M57739 
M57739A 


M57744 


M57752 


M57764 


M57768 


M57769 


M57773 


M57782 
M57783H 


M57783L 
M577B5H 
M57785L 
M57785M 


M57786M 


M57789 


M57791 


M57792 


M57794 


M57795 
M57799M 


M67709 
M67709M 


M67717 


M67720 


M67729H 


M67729L 
MC5381 


MC5382 


MC5383 
MC5384 


MC5385 


MC5386 
MC5387 
MC5388 
MC5389 


Motorola 
Direct 
Replacement 


LT4239 


BFR96 


MRF961 


2N6603 
6FR91 


MRF571 


LT5817 


LT5839 


MHW806A2 


MHW806A2 


MHW807-1 


MHW807-2 


MHW606A3 


MHW807-2 


MHW5181A 


MHW5182A 


MHW5342A 


MHW5181A 


MHW5182A 


MHW5342A 


MHW6181 


MHW6182 


MHW5342A 


Motorola 
Similar 
Replacement 


MRF962 


MRF965 
MRF914 


MRF522 


MRF524 


MHW710-2 


MHW710-1 


MHW710-1 


MHW710-1 


MHW710-3 


MHW709-2 


MHW709-1 


MKW709-3 


MHW720A1 


MHW720A2 


MHW720A2 


MHW812A3 


MHW710-1 


MHW820-2 


MHW812A3 


MHW806A4 


MKW803-1 


MHW607-2 


MHW607-1 


MHW607-2 


MHW607-1 


MHW607-2 


MHW707-2 


MHW812A3 


MHVY820-1 


MHW803-2 


MHW707-2 


MHW710-2 


MHW710-1 


MHW820-3 


MHW720A2 


MHW720A1 


No. 


4-21 


2-153 


2-153 


2-153 


2-125 


2-148 


2-754 


2-153 


2-922 


2-705 


2-705 


2-206 


2-208 


5-120 


5-120 


5-120 


5-120 


5-120 


5-116 


5-116 


5-116 


5-128 


5-128 


5-128 


5-142 


5-142 


5-152 


5-120 


5-156 


5-152 


5-142 


5-137 


5-147 


5-103 


5-103 


5-103 


5-103 


5-103 


5-111 
5-152 


5-147 


5-156 


*142 


5-137 


5-111 


5-120 


5-120 


5-147 


5-156 


5-128 


5-128 


5-173 


5-173 


5-185 


5-173 


5-173 


5-185 


5-194 


5-194 


5-185 


Industry 
Part Number 


MC5813 


MC5814 


MC5815 


MC5816 


MC5817 


MC5818 


MC5819 


MC5820 


MC5821 


MC5822 


MC5824 


MD4957 


MHW10000 


MHYV10001 


MHW10002 


MHW10003 


MKW1121 


MHW1122 


MHW1184 


MHW1222 


Motorola 
Direct 
Replacement 


MHW1134 


MHW5222A 


MHW6222 


MHW1184 


MHW6181 


MHW6182 


MHW5342A 


MHW1224 


MHW1244 


MD4957 


MHW10000 


MHW10001 


MHW10002 


MHW10003 


MHW5122A 


MHW5122A 


MHW1184 


MHW5222A 


MKW1224 
MHWI224 


MHW1244 
MHW1244 


MHW1341 
MHW5342A 


MHW1342 
MHW5342A 


MHW2172 
MHW5172A 


MHW3171 
MHW5171A 


MHW3172 
MHW5172A 


MHW3181 
MHW5181A 


MHW3182 
MHW5182A 


MHW3222 
MHW5222A 


MKW3272A 
MHW5272A 


MHW3342 
MHW5342A 


MHW3382A 
MHW5382A 


MHW4524F 


MHW5122A 
MHW5122A 


MHW5141A 
MHW5141A 


MHW5142 
MHW5142A 


MHW5142A 
MHW5142A 


MHW5171 
MHW5171A 


MHW5171A 
MHW5171A 


MHW5171R 
MHW5171R 


MHW5172 
MHW5172A 


MHW5172A 
MHW5172A 


MHW5172R 
MHW5172R 


MHW5181 
MHW5181A 


MHW5181A 
MHW5181A 


MHW5182 
MHW5182A 


MHW5182A 
MHW5182A 


MHW5182R 
MHW5182R 


MHW5185 
MHW5165 


MHW5185R 


MHW5222 


MHW5222A 


MHW5222R 


MHW5272A 


MHW5341 


MHW5342 


MHW5342A 


MHW5382 


MHW5382A 


MHW5185R 


MKW5222A 


MHW5222A 


MHW5222R 
MHW5272A 


MHW5342A 


MHW5342A 


MHW5342A 


MHW5382A 


MHW5382A 
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Motorola 
Similar 
Replacement 


MHW5222A 


MHW6222 


FF124 


Page 
No. 


5-161 


5-178 


5-178 


5-196 


5-196 


5-161 


5-194 


5-194 


5-185 


5-161 


5-161 


2-210 


5-200 


5-200 


5-200 


5-200 


5-165 


5-165 


5-161 


5-178 


5-161 


5-161 


5-185 


5-185 


5-171 


5-171 


5-171 


5-173 


5-173 


5-178 


5-181 


5-185 


5-187 
5*7 


5-165 


5-167 


5-167 


5-167 


5-171 


5-171 


5-171 


5-171 


5-173 
5-173 


5-173 


5-173 


5-175 


4-9 


5-178 


5-178 


5-181 


5-185 


5-185 


5-185 


5-187 


5-187 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


MHW580 
MHW5342A 
5-185 
MKB12100WS 
MRF1090MA 
2-980 
MHW590 
MHW590 
5-91 
MKB12140W 
MRF1090MA 
2-980 
MKW591 
MHW591 
5*4 
MM1500 
MRF905 
2-917 
MHW592 
MHW592 
5-97 
MM1500A 
MRF905 
2-917 
MHW593 
MHW593 
5-100 
MM1501A 
MRF905 
2-917 
MKW594 
MHW5171A 
5-171 
MM1549 
MRF5174 
2-1025 
MHW595 
MHW5172A 
5-171 
MM1550 
MRF321 
2-549 
MHW607-1 
MHW607-1 
5-103 
MM1551 
MRF323 
2-553 
MHW607-2 
MHW607-2 
5-103 
MM1557 
2N5641 
2*4 
MHW6141 
MHW6141 
5-191 
MM1558 
2N5642 
2*4 


MHW6142 
MHW6142 
5-191 
MM1559 
2N5643 
2-70 
MHW6171 
MHW6171 
5-193 
MM1561 
2N6166 
2-112 
MHW6172 
MHW6172 
5-193 
MM1601 
2N5589 
MKW6181 
MHW6181 
5-194 
MM1602 
2N5590 
MHW6182 
MHW6182 
5-194 
MM1603 
2N5591 
MKW6185 
MKW6185 
5-175 
MM1605 
MRF914 
2-922 
MKW6185R 
MHW6185R 
4* 
MM1606 
MRF914 
2-922 
MHW6222 
MHW6222 
5-196 
MM1607 
MRF914 
2-922 
MKW6272 
MHW5272A 
5-181 
MM1608 
2N6080 
2-97 
MHW6342F 
MHW5342A 
5-185 
MM1612 
MRF237 
2-506 


MHW707-2 
MHW707-2 
5-111 
MM1620 
2N5849 
2-79 
MKW709-1 
MHW709-1 
5-116 
MM1622 
2N5849 
2-79 
MHW709-2 
MHW709-2 
5-116 
MM1632 
2N5941 
MHW709* 
MKW709* 
5-116 
MM1633 
2N5942 
MHW710-1 
MHW710-1 
5-120 
MM1646 
2N5849 
2-79 
MHW710-2 
MHW710-2 
5-120 
MM1660 
2N5944 
2-90 
MHW710-3 
MHW710-3 
5-120 
MM1661 
MRF652 
2*16 
MHW720-1 
MKW720-1 
5-124 
MM1662 
MRF653 
2-m 
MHW720-2 
MHW720-2 
5-124 
MM1665 
MRF644 
2-798 
MHYV720A1 
MHW720A1 
5-128 
MM1666 
2N6082 
2-103 


MHW720A2 
MHW720A2 
5-128 
MM1667 
2N6083 
2-106 
MHW801-1 
MHW801-1 
5-132 
MM1668 
2N6084 
2-109 
MHVV801-2 
MHW801-2 
5-132 
MM1669 
2N6084 
2-109 
MHW301-3 
MHWB01-3 
5-132 
MM1680 
2N6080 
2-97 
MHW8014 
MKW8014 
5-132 
MM1681 
2N6081 
2-100 
MKW802-1 
MHW803-1 
5-137 
MM1713 
MRF515 
2*97 
MHW802-2 
MKW803-3 
5-137 
MM1943 
MRF515 
2*97 
MHW603-1 
MHW803-1 
5-137 
MM1945 
MRF515 
2-697 
MHW803-2 
MHW803-2 
5-137 
MM4018 
MM4018 
2-214 
MHW803* 
MHW803-3 
5-137 
MM4020 
2N6094 


MKW806-1 
MHW806A1 
5-142 
MM4021 
2N6095 
MHW806-2 
MKW806A2 
5-142 
MM4022 
2N6096 
_ 
MHW806-3 
MHW806A3 
5-142 
MM4023 
2N6097 
_ 
MHW8064 
MHW806A4 
5-142 
MM4049 
MM4049 
2-216 
MHW806A1 
MHW806A1 
5-142 
MM439 
2N4959 
2-27 
MHW806A2 
MHW806A2 
5-142 
MM4500 
2N5583 
2*0 
MHW806A3 
MKW806A3 
5-142 
MM5177 
MRF325 
2-557 
MHW806A4 
MHW806A4 
5-142 
MM8000 
MM8000 
2-220 
MHW807-1 
MHW807-1 
5-147 
MM8001 
MM8001 
2-220 
MHW8Q7-2 
MHW807-2 
5-147 
MM8002 
2N5943 
2*3 


MKVV808-1 
MHW806A1 
5-142 
MM8003 
MRF511 
2*92 
MKW808-2 
MHW806A2 
5-142 
MM8004 
MRF475 
2*62 
MHW808* 
MHVV806A3 
5-142 
MM8006 
2N5031 
2-36 
MHW8084 
MKW806A4 
5-142 
MM8007 
2N5032 
2-36 
MHW812-3 
MKW812A3 
5-152 
MM8008 
MRF905 
2-917 
MHW812A3 
MHW812A3 
5-152 
MM8009 
MM8009 
2-222 
MHW820-1 
MHW820-1 
5-156 
MM8010 
MRF905 
2-917 
MHW820-2 
MKVY820-2 
5-156 
MM8011 
MRF905 
2*17 
MHW820-3 
MHW820-3 
5-156 
MM8012 
MRF511 
2*92 
MKB12040WS 
MRF1035MA 
2-976 
MM8020 
2N5836 
2-73 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


MM8021 


MM8023 
MMBR2060 


MMBR2060L 


MMBR2857 


MMBR2857L 


MMBR4957 


MMBR4957L 


MMBR5031 


MMBR5031L 


MMBR5179 


MMBR5179L 


MMBR536 


MMBR536L 


MMBR571 


MMBR571L 


MMBR901 


MMBR901L 


MMBR911 


MMBR911L 


MMBR920 


MMBR920L 


MMBR930 


MMBR930L 


MMBR931 


MMBR931L 


MMBR941 


MMBR941L 


MMBR951 


MMBR951L 


MMC4049 
MO1011B150Y 
MO1011B250Y 


MPS1983 
MPS3666 
MPS536 


MPS571 


MPS901 


MPS911 
MR1011B150Y 


MR1011B300Y 


MRA0204-30V 


MRAD204-60 
MRA0204-60V 


MRA0204-60VH 


MRA0204-70 
MRA0500-19L 


MRA0510-50H 


MRA0610-18A 


MRA0610-18AH 


MRAO810-3 
MRA0610-3H 


MRA061040A 


MRA0610-9 


MRA0610-9H 


MRA1000-14L 


MRA1000-3.5L 


MRA1000-7L 
MRA1014-12 


MRA1014-12H 


Motorola 
Direct 
Replacement 


2N5837 


MMBR2060L 


MMBR2060L 


MMBR2857L 


MMBR2857L 


MMBR4957L 


MMBR4957L 


MMBR5031L 


MMBR5031L 


MMBR5179L 


MMBR5179L 


MMBR536L 


MMBR536L 


MMBR571L 


MMBR571L 


MMBR901L 


MMBR901L 


MMBR911L 


MMBR911L 


MMBR920L 


MMBR920L 


MMBR930L 


MMBR930L 


MMBR931L 


MMBR931L 


MMBR941L 


MMBR941L 


MMBR951L 


MMBR951L 


MMC4049 


MPS901 
MPS3866 


MPS536 
MPS571 


MPS901 


MPS911 


MRF325 


2N6439 


2N6439 


MRA0500-19L 


MRA0510-50H 


MRA0610-18A 


MRA0610-18AH 


MRA0610-3 


MRA0610-3H 


MRA061040A 


MRA0610-9 


MRA0610-9H 


MRA1000-14L 


MRA1000-3.5L 


MRA1000-7L 


MRA1014-12 


MRA1014-12H 


Motorola 
Similar 
Replacement 


2N5943 


MRF1150MA 


MRF1250M 


MRF1150MA 


MRF1325M 


2N6439 
MRF327 


No. 


2-73 


2*3 


2-225 


2-225 


2-230 


2-230 


2-231 


2-231 


2-233 


2-233 


2-234 
2-234 


2-235 


2-235 


2-241 


2-241 


2-225 


2-225 


2-251 


2-251 


2-226 


2-226 


2-227 


2-227 


2-228 


2-228 


2-927 


2-927 


2-938 


2-938 


2-216 


2-988 


2-992 


2-247 


2-257 


2-235 


2-241 


2-247 


2-251 


2-988 


2-996 


2-557 


2-121 


2-121 


2-121 


2-565 


2-258 


2-260 


2-262 


2-268 


2-262 


2-268 


2-262 


2-262 


2-268 


2-276 


2-270 


2-273 


2-278 


2-285 


Industry 
Part Number 


MRA1014-2 


MRA1014-2H 


MRA1014-35 


MRA1014-6 


MRA1014-6H 


MRA1214-55H 


MRA1300-10L 


MRA1417-11 


MRA1417-11H 


MRA1417-2 


MRA1417-25A 


MRA1417-2H 


MRA1417* 


MRA1417-6H 


MRA1600-13 


MRA1600-2 


MRA1600-30 


MRA1720-2 


MRA1720-20 


MRA1720-5 


MRA1720-9 


MRAL1417-11 


MRAL1417-2 


MRAL1417-25 


MRAL1417* 


MRAL1720-2 


MRAL1720-20 


MRAL1720-5 
MRAL1720-9 


MRAL2023-1.5 


MRAL2023-1.5H 


MRAL2023-12 


MRAL2023-12H 


MRAL2023-18 


MRAL2023-18H 


MRAL2023-3 


MRAL2023-3H 


MRA12023* 


MRAL2023*H 


MRAL2327-1.3 


MRAL2327-12 


MRAL2327-3 


MRAL2327-6 


MRB12175YR 


MRB12350YR 
MRF0211 


MRF0211L 


MRF10005 


MRF1000MA 


MRF1000MB 


MRF1000MC 


MRF1C02MA 


MRF1002MB 
MRF1002MC 


MRF10030 


MRF1004MA 


MRF1004MB 


MRF1004MC 


MRF1008MA 


MRF1008MB 
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Motorola 
Direct 
Replacement 


MRA1014-2 


MRA1014-2H 


MRA1014-35 


MRA1014* 


MRA1014-6H 


MRA1214-55H 


MRA1300-10L 


MRA1417-11 


MRA1417-11H 


MRA1417-2 


MRA1417-25A 


MRA1417-2H 


MRA1417* 
MRA1417-6H 


MRA1600-13 


MRA1600-2 


MRA1600-30 


MRA1720-2 


MRA1720-20 


MRA1720-5 


MRA1720-9 


MRAL1417-11 


MRAL1417-2 


MRAL1417-25 


MRAL1417-6 


MRAL1720-2 


MRAL1720-20 


MRAL1720-5 


MRAL1720-9 
MRAL2023-1.5 


MRAL2023-1.5H 


MRAL2023-12 


MRAL2023-12H 


MRAL2023-18 
MRAL2023-18H 


MRAL2023-3 


MRAL2023-3H 


MRAL2023* 
MRAL2023*H 


MRAL2327-1.3 


MRAL2327-12 


MRAL2327-3 


MRA12327* 


MRF0211L 


MRF0211L 


MRF10005 
MRF1000MA 


MRF1000MB 


MRF1002MA 


MRF1002MB 


MRF10030 
MRF1004MA 


MRF1004MB 


MRF1008MA 


MRF1008MB 


Motorola 
Similar 
Replacement 


MRF1150MA 


MRF1325M 


MRF1000MA 


MRF1002MA 


MRF1004MA 


Page 
No. 


2-278 


2-285 


2-278 


2-278 


2-285 


2-287 


2-290 


2-292 


2-296 


2-292 


2-292 


2-296 


2-292 


2-296 


2-298 


2-298 


2-298 


2-302 
2-302 


2-302 


2-302 


2-309 


2-309 


2-309 


2-309 


2-312 


2-312 


2-312 


2-312 


2-318 


2-327 


2-318 


2-327 


2-325 


2-325 


2-318 


2-327 


2-318 


2-327 


2-332 


2-332 


2-332 


2-332 


2-988 


2-996 
2480 
2480 
2-1055 


2-956 


2-956 


2-956 


2-960 
2-960 


2-960 


2-1059 


2-964 


2-964 


2-964 


2-968 


2-968 
• 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


MRF1008MC 
MRF1008MA 
2-968 
MRF2016M 
MRAL2023-18H 
2-325 I 


MRF10120 
MRF10120 
1-12 
MRF203 
MRF247 
2-512 
MRF1015MA 
MRF1015MA 
2-972 
MRF207 
MRF207 
1-7 
MRF1015MB 
MRF1015MB 
2-972 
MRF208 
MRF208 
1-7 
MRF1015MC 
MRF1015MA 
2-972 
MRF212 
MRF212 
1* 
MRF1035MA 
MRF1035MA 
2-976 
MRF216 
MRF216 
MRF1035MB 
MRF1035MB 
2-976 
MRF220 
MRF220 
1-6 
MRF1035MC 
MRF1035MA 
2-976 
MRF221 
MRF221 
2-100 
MRF1090MA 
MRF1090MA 
2-980 
MRF222 
MRF1946 
2-1000 
MRF1090MB 
MRF1090MB 
2-980 
MRF223 
MRF1946 
2-1000 


MRF1090MC 
MRF1090MA 
2-980 
MRF224 
MRF224 
2-109 
MRF1150M 
MRF1150M 
2-984 
MRF225 
MRF607 
2-784 
MRF1150MA 
MRF1150MA 
2-988 
MRF226 
MRF226 
2484 
MRF1150MB 
MRF1150MB 
2-988 
MRF227 
MRF227 
2486 
MRF1150MC 
MRF1150MA 
2-988 
MRF229 
MRF229 
2490 
MRF1250M 
MRF1250M 
2-992 
MRF231 
2N6080 
2-97 
MRF1325M 
MRF1325M 
2-996 
MRF232 
MRF232 
2494 
MRF134 
MRF134 
2-337 
MRF233 
MRF233 
2498 
MRF136 
MRF136 
2-345 
MRF234 
MRF234 
2-502 
MRF136Y 
MRF136Y 
2-345 
MRF2369 
MRF2369 
2-1004 


MRF137 
MRF137 
2-355 
MRF237 
MRF237 
2-506 
MRF138 
MRF138 
2-363 
MRF238 
MRF238 
1-7 
MRF140 
MRF140 
2-368 
MRF239 
MRF239 
1-7 
MRF141 
MRF141 
2-373 
MRF240 
MRF240 
2-508 
MRF141G 
MRF141G 
2-379 
MRF240A 
MRF240A 
2-508 
MRF148 
MRF148 
2-384 
MRF243 
MRF247 
2-512 
MRF150 
MRF150 
2-389 
MRF245 
MRF245 
MRF151 
MRF151 
2-394 
MRF247 
MRF247 
2-512 
MRF151G 
MRF151G 
2400 
MRF248 
MRF247 
2-512 
MRF153 
MRF154 
2406 
MRF260 
MRF260 
2-515 


MRF154 
MRF154 
2-406 
MRF261 
MRF261 
2-519 
MRF156R 
MRF158R 
1-3 
MRF262 
MRF262 
2-523 
MRF160R 
MRF16CR 
1-3 
MRF2628 
MRF2628 
2-1009 
MRF161 
MRF161 
2412 
MRF264 
MRF264 
2-527 
MRF162 
MRF162 
2420 
MRF305 
MRF325 
2-557 
MRF163 
MRF163 
2428 
MRF306 
2N6439 
2-121 
MRF171 
MRF171 
2436 
MRF309 
2N6439 
2-121 
MRF172 
MRF172 
2444 
MRF313 
MRF313 
2-531 
MRF174 
MRF174 
2452 
MRF313A 
MRF313 
2-531 
MRF175GU 
MRF175GU 
2460 
MRF314 
MRF314 
2-533 


MRF175GV 
MRF175GV 
2460 
MRF314A 
MRF314A 
2-533 
MRF175LU 
MRF175LU 
2467 
MRF315 
MRF315 
2-537 
MRF175LV 
MRF175LV 
2467 
MRF315A 
MRF315A 
2-537 
MRF176GU 
MRF176GU 
2473 
MRF316 
MRF316 
2-541 
MRF176GV 
MRF176GV 
2473 
MRF317 
MRF317 
2-545 
MRF1946 
MRF1946 
2-1000 
MRF321 
MRF321 
2-549 
MRF1946A 
MRF1946A 
2-1000 
MRF323 
MRF323 
2-553 
MRF2001 
MRW2001 
2-1067 
MRF325 
MRF325 
2-557 
MRF2001B 
MRW2001F 
2-1067 
MRF326 
MRF326 
2-561 
MRF2001M 
MRAL2023-1.5H 
2-327 
MRF327 
MRF327 
2-565 


MRF2003 
MRW2003 
2-1067 
MRF329 
MRF329 
2-569 
MRF2003B 
MRW2003F 
2-1067 
MRF331 
MRF321 
2-549 
MRF2003M 
MRAL2023-3H 
2*27 
MRF338 
MRF338 
2-573 
MRF2005 
MRW2005 
2-1067 
MRF340 
MRF340 
2-577 
MRF2005B 
MRW2005 
2-1067 
MRF342 
MRF342 
2-581 
MRF2005M 
MRAL2023*H 
2-327 
MRF344 
MRF344 
2-585 
MRF201 
MRF237 
2-506 
MRF3866 
MRF3866 
2-1013 
MRF2010 
MRW2010 
2-1067 
MRF390 
MRF390 
2-589 
MRF2010B 
MRW2010F 
2-1067 
MRF392 
MRF392 
2-593 
MRF2010M 
MRAL2023-12H 
2-327 
MRF393 
MRF393 
2-597 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


i 


MRF627 
MRF627 
2-786 
MRF9511L 
MRF9511L 
2-938 


" 


MRF628 
MRF559 
2-747 
MRF952 
MRF952 
2-946 
MRF629 
MRF629 
1-9 
MRF961 
MRF961 
2-153 
MRF630 
MRF630 
2-790 
MRF962 
MRF962 
2-153 
MRF641 
MRF641 
2-794 
MRF965 
MRF965 
2-153 
MRF644 
MRF644 
2-798 
MRF966 
MRF966 
2-951 
MRF646 
MRF646 
2*02 
MRFC2369 
MRFC2369 
4-21 
MRF648 
MRF648 
2*06 
MRFC544 
MRFC544 
2-722 
MRF650 
MRF650 
2*10 
MRFC545 
MRFC545 
2-725 
MRF652 
MRF652 
2*16 
MRFC559 
MRFC559 
4-21 


MRF653 
MRF653 
2*20 
MRFC901 
MRFC901 
4-21 
MRF654 
MRF654 
2-824 
MRFC904 
MRFC904 
4-21 
MRF660 
MRF660 
2*28 
MRFG9661 
MRFG9661 
_ 


MRF750 
MRF750 
2*32 
MRFG9661R 
MRFG9661R 
_ 
MRF752 
MRF752 
2*36 
MRFG960 
MRFG980 
_ 
MRF754 
MRF754 
2*40 
MRFG9801 
MRFG9801 
_ 
MRF8003 
MRF476 
2*66 
MRFG9801R 
MRFG9801R 
_ 
MRF8004 
MRF475 
2*62 
MRFQ17 
MRFQ17 
2-1063 
MRF816 
MRF837 
2-844 
MRFQ19 
MRFQ19 
2-1065 
MRF837 
MRF837 
2-844 
MRT0105-75 
MRF393 
2-597 


MRF8372 
MRF8372 
2-1043 
MRT0105-75V 
MRF393 
2-597 
MRF838 
MRF838 
2*50 
MRT0204-110V 
MRF392 
2-593 
MRF838A 
MRF838A 
2*50 
MRT0204-125 
MRF392 
2-593 
MRF839 
MRF839 
2*54 
MRW2001 
MRW2001 
2-1067 
MRF839F 
MRF839F 
2*54 
MRW2003 
MRW2003 
2-1067 
MRF840 
MRF840 
2*59 
MRW2005 
MRW2005 
2-1067 
MRF841 
MRF840 
2-859 
MRW2010 
MRW2010 
2-1067 
MRF841F 
MRF840 
2-859 
MRW2015 
MRW2015 
2-1067 
MRF842 
MRF842 
2*69 
MRW2020 
MRW2020 
2-1067 
MRF843 
MRF842 
2*69 
MRW2301 
MRW2301 
2-1074 


MRF843F 
MRF842 
2*69 
MRW2304 
MRW2304 
2-1076 
MRF844 
MRF844 
2*73 
MRW2307 
MRW2307 
2-1078 
MRF846 
MRF846 
2*76 
MRW3001 
MRW3001 
2-1080 
MRF847 
MRF847 
2-880 
MRW3003 
MRW3003 
2-1080 
MRF870 
MRF839 
2-854 
MRW3005 
MRW3005 
2-1080 
MRF870A 
MRF839 
2-854 
MRW52001 
MRW52001 
2-1085 
MRF873 
MRF873 
2-883 
MRW52101 
MRW52101 
2-1085 
MRF890 
MRF890 
2-887 
MRW52102 
MRW52102 
2-1090 
MRF891 
MRF891 
2*91 
MRW52104 
MRW52104 
2-1093 
MRF892 
MRF892 
2*95 
MRW52201 
MRW52201 
2-1085 


MRF894 
MRF894 
2*99 
MRW52202 
MRW52202 
2-1090 
MRF698 
MRF898 
2-903 
MRW52204 
MRW52204 
2-1093 
MRF901 
MRF901 
2-907 
MRW52401 
MRW52401 
2-1085 
MRF9011 
MRF9011L 
2-1047 
MRW52402 
MRW52402 
2-1090 
MRF9011L 
MRF9011L 
2-1047 
MRW52501 
MRW52501 
2-1085 
MRF902 
2N6603 
2-125 
MRW52502 
MRW52502 
2-1090 
MRF904 
MRF904 
2-913 
MRW52504 
MRW52504 
2-1093 
MRF905 
MRF905 
2-917 
MRW52601 
MRW5260I 
2-1085 
MRF911 
MRF911 
2-919 
MRW52602 
MRW52602 
2-1090 
MRF912 
2N6604 
2-129 
MRW52604 
MRW52604 
2-1093 


MRF914 
MRF914 
2-922 
MRW53001 
MRW53001 
2-1096 
MRF931 
MRF931 
2-925 
MRW53101 
MRW53101 
2-1096 
MRF9331 
MRF9331L 
2-1051 
MRW53102 
MRW53102 
2-1100 
MRF9331L 
MRF9331L 
2-1051 
MRW53201 
MRW53201 
2-1096 
MRF941 
MRF941 
2-927 
MRW53202 
MRW53202 
2-1100 
MRF9411 
MRF9411L 
2-927 
MRW53401 
MRW53401 
2-1096 
MRF9411L 
MRF9411L 
2-927 
MRW53501 
MRW53501 
2-1096 
MRF942 
MRF942 
2-933 
MRW53502 
MRW53502 
2-1100 
MRF951 
MRF951 
2-938 
MRW53505 
MRW53505 
2-1103 
MRF9511 
MRF9511L 
2-938 
MRW53601 
MRW53601 
2-1096 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Motorola 
Motorola 


Industry 
Direct 
Similar 
Page 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 
Part Number 
Replacement 
Replacement 
No. 


MRW53602 
MRW53602 
2-1100 
MX20-1 
MX20-1 
5-245 


MRW53605 
MRW53605 
2-1103 
MX20-2 
MX20-2 
5-245 


MRW54001 
MRW54001 
2-1106 
MX7.5 
MHW709-1 
5-116 
\ MRN54201 
MRW54201 
2-1106 
MXR100 
MRF5812 
2-1037 


MRW54501 
MRW54501 
2-1106 
MXR3866 
MRF3866 
2-1013 


MRW54601 
MRW54601 
2-1106 
MXR5160 
MRF5160 
2-1023 


MSC1000M 
MRF1000MA 
2-956 
MXR5583 
MRF5583 
2-1031 


MSC1002M 
MRF10O2MA 
2-960 
MXR571 
MRF5711L 
2-1033 


MSC1004M 
MRF1004MA 
2-964 
MXR5943 
MRF5943 
2-1041 


MSC1015M 
MRF1015MA 
2-972 
MXR911 
MMBR911L 
2-251 


MSC1035M 
MRF1035MA 
2-976 
NE020214-12 
MRF607 
2-784 


MSC1075M 
MRF1090MA 
2-980 
NE020320-12 
2N5944 
2-90 


MSC1090M 
MRF1090MA 
2-980 
NE020320-28 
MRF321 
2-549 


MSC1175M 
MRF1150M 
2-984 
NE020620-07 
2N5946 
2-90 


MSC1250M 
MRF1250M 
2-992 
NE021020-12 
2N5946 
2-90 


MSC1325M 
MRF1325M 
2-996 
NE021020-28 
MRF321 
2-549 


MSC2001 
MRW2001 
2-1067 
NE02107 
MRF572 
2-754 


MSC2003 
MRW2003 
2-1067 
NE02132 
MPS571 
2-241 


MSC2005 
MRW2005 
2-1067 
NE02133 
MMBR571L 
2-241 


MSC2010 
MRW2010 
2-1067 
NE02137 
MRF2369 
2-1004 


MSC2302 
MRW2301 
2-1074 
NE022025-12 
2N6081 
2-100 


MSC2304 
MRW2304 
2-1076 
NE022025-28 
MRF314A 
2-533 


MSC2307 
MRW2307 
2-1078 
NE022526-12 
2N6082 
2-103 


MSC8020M 
MRAL2023-16H 
2-325 
NE024027-28 
MRF315A 
2-537 


MSC82001 
MRW2001 
2-1067 
NE028029-12 
MRF247 
2*12 


MSC82003 
MRW2003 
2-1067 
NE028029-28 
MRF316 
2-541 


MSC82005 
MRW2005 
2-1067 
NEO50214-12 
MRF629 
1-9 


MSC82005M 
MRAL2023*H 
2-327 
NE050320-12 
2N5944 
2-90 


MSC82010 
MRW2010 
2-1067 
NE050490*7 
MRR52 
2-836 


USC82012M 
MRAL2023-12H 
2-327 
NE050491*7 
MRF752 
2*36 


MSC82201 
MRW2001 
2-1067 
NE050690-07 
MRF754 
2*40 


MSC82203 
MRW2003 
2-1067 
NE051020-28 
MRF321 
2-549 


MSC82304M 
MRAL2023-6H 
2-327 
NE051025-12 
2N5946 
2-90 


MSC82310M 
MRAL2023-12H 
2-327 
NE051525-12 
MRF654 
2*24 


MSC82313M 
MRAL2023-18H 
2-325 
NE052025-28 
MRF323 
2-553 


MWA0204 
MWA0204 
5-203 
NE080420-12 
MRF839 
2-854 


MWA0211 
MWA0211L 
5-203 
NE21937 
MRF571 
2-754 


MWA021.L 
MWA0211L 
5-203 
NE22120 
MRF587 
2-772 


MWA0270 
MWA0270 
5-203 
NE24615 
MRF586 
2-772 


MWA0304 
MWA0304 
5-208 
NE24620 
MRF587 
2-772 


MWA0311 
MWA0311L 
5-208 
NE32702 
2N6604 
2-129 


MWA0311L 
MWA0311L 
5-208 
NE32707 
2N6604 
2-129 


MWA0370 
MWA0370 
5-208 
NE41603 
MRF962 
2-153 


MWA110 
MWA110 
5-214 
NE41607 
MRF962 
2-153 


MWA110H 
MWA110H 
— 
NE41610 
MRF965 
2-153 


MWA120 
MWA120 
5-214 
NE41612 
MRF965 
2-153 


MWA120H 
MWA120H 
— 
NE41615 
MRF965 
2-153 


MWA130 
MWA130 
5-214 
NE41620 
MRF587 
2-772 


MWA130H 
MWA130H 
- 
NE41635 
MRF962 
2-153 


MWA210 
MWA210 
5-229 
NES7510 
MRF586 
2-772 


MWA210H 
MWA210H 
5-229 
NES7520 
MRF587 
2-772 


MWA220 
MWA220 
5-229 
NE57803 
MRF942 
2-933 


MWA220H 
MWA220H 
— 
NE57807 
MRF942 
2-933 


MWA230 
MWA230 
5-229 
NE59312 
MM4049 
2-216 


MWA230H 
MWA230H 
— 
NE59335 
MRF536 
2-216 


MWA310 
MWA310 
5-237 
NE59503 
MRF581 
2-764 


MWA320 
MWA320 
5-237 
NE64310 
MRF586 
2-772 


MWA330 
MWA330 
5-237 
NE64320 
MRF587 
2-772 


MX12 
MHW710-1 
5-120 
NE68132 
MPS571 
2-241 


MX15 
MHW710-1 
5-120 
NE68133 
MMBR571L 
2-241 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


NE68137 
MRF571 
2-754 
NE73412 
MRF914 
2-922 
NE73432 
MRF911 
2-919 
NE73433 
MMBR911L 
2-251 
NE73435 
2N6604 
2-129 
NE73437 
MRF911 
2-919 
NE74014 
MRF586 
2-772 
NE74020 
MRF587 
2-772 
NE74113 
MRF586 
2-772 
NE74114 
MRF586 
2-772 


NE77320 
MRF587 
2-772 
NE85632 
MPS571 
2-241 
NE85633 
MMBR571L 
2-241 
NE65637 
MRF571 
2-754 
NE88912 
MM4049 
2-216 
NE88933 
MMBR536L 
2-235 
NEL080120-24 
MRF890 
2*87 
NEM020C29-28 
MRF317 
2-545 
NEM050C29-28 
MRF327 
2-565 
NEM054029-12 
MRF646 
2*02 


NEM054029-28 
MRF325 
2-557 
NEM056029-12 
MRF648 
2*06 
NEM056029-28 
2N6439 
2-121 
NEM080481E-12 
MRF839F 
2*54 
NEM081081B-12 
MRF840 
2*59 
NEM081081E-12 
MRF873 
2*83 
NEM082081B-12 
MRF842 
2*69 
NEM084081B-12 
MRF844 
2*73 
NEM085081B-12 
MRF846 
2-876 
NEM092081B-28 
MRF892 
2*95 


NEM094081B-28 
MRF894 
2*99 
NEM2010B-20 
MRAI2023-18H 
2-325 
NEM2305B-20 
MRAL2023-12H 
2*27 
PAA0105-29*L 
PAA0105-29*L 
5-248 
PAA010545-25L 
PAA010545-25L 
5-249 
PAA0105-50-50LAS 
PAA0105-50-50LAS 
5-250 
PAA0200-34-1.5L 
PAA0200*4-1.5L 
5-251 
PAA0200-34-3.1L 
PAA0200-34-3.1L 
5-252 
PAA0450-33*.4L 
PAA0450-33-O.4L 
5-254 
PAA0500-17-1.0L 
PAA0500-17-1.0L 
5-255 


PAA0500-17-2.0L 
PAA0500-17-2.0L 
5-256 
PAA0500-35-1.0L 
PAA0500-35-1.0L 
5-257 
PAA0810-24-5L 
PAA0810-24-5L 
5-259 
PAA0810-31-25L 
PAA0810-31-25L 
5-260 
PAA0810-32-10L 
PAA0810-32-10L 
5-261 
PAA0810-38-100AB 
PAA0810-38-100AB 
5-263 
PAA0810-38-5LAS 
PAA0810-38-5LAS 
5-262 
PAA081040-50L 
PAA081040-50L 
5-264 
PAA081040-50LAM 
PAA081040-50LAM 
5-265 
PAA0810-52-100AM 
PAA0810-52-100AM 
5-267 


PAA0810-54-50LAS 
PAA0810-54-50LAS 
5-268 
PAA0810-54-50LSM 
PAA0810-54-50LSM 
5-269 
PAA100O-14-O.6L 
PAA1000-14-0.6L 
5-270 
PAA1000-14-1.3L 
PAA1000-14-1.3L 
5-271 
PAA1000-30-0.6L 
PAA1000*0*.6L 
5-272 
PAA100042-5L 
PAA100042-5L 
5-273 
PAA22542-10L 
PAA22542-10L 
5-230 
PAE0105-29-6L 
PAE0105-29*L 
4* 
PAE010545-25L 
PAE010545-25L 
4* 


PAE0105-50-50LAS 
PAE0105-50-50LAS 
4-6 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


PAE0200-34-1.5L 
PAE0200-34-1.5L 
4* 
PAE0200-r34-3.1L 
PAE0200-34-3.1L 
4* 
PAE045O-33-O.4L 
PAE0450-33-0.4L 
4* 
PAE0500-17-1.0L 
PAE0500-17-1.0L 
4* 
PAE0500-17-2.0L 
PAE0500-17-2.0L 
4* 
PAE0500-35-1.0L 
PAE0500-35-1.0L 
4* 
PAE0810-24-5L 
PAE0810-24-5L 
4* 
PAE0810-31-25L 
PAE0810-31-25L 
4* 
PAE0810-32-10L 
PAE0810-32-10L 
4* 
PAE0810-38-100AB 
PAE0810-38-100AB 
4* 


PAE0810-38-5LAS 
PAE0810-38-5LAS 
4* 
PAE061040-50L 
PAE081040-50L 
4* 
PAE081040-50LAM 
PAE081040-50LAM 
4* 
PAE0810-52-100AM 
PAE0810-52-100AM 
4* 
PAE0810-54-50LAS 
PAE0810-54-50LAS 
4* 
PAE0810-54-50LSM 
PAE0810-54-50LSM 
4* 
PAE1000-14-0.6L 
PAE1000-14-0.6L 
4* 
PAE1000-14-1.3L 
PAE1000-14-1.3L 
4* 
PAE1000-3(M).6L 
PAE1000-30*.6L 
4* 
PAE100042-5L 
PAE100042-5L 
4* 


PAE22542-10L 
PAE22542-10L 
4* 
PAM0105-29-6L 
PAM0105-29*l 
5-278 
PAM0105-29-6LA 
PAM0105-29-6LA 
4-5 
PAM0105-6-50L 
PAM0105*50L 
5-274 
PAM0105-6-50LA 
PAM0105*50LA 
4-5 
PAM0105-7-25L 
PAM0105-7-25L 
5-276 
PAM0105-7-25LA 
PAM0105-7-25LA 
4-5 
PAM0810-24-3L 
PAM0810-24-3L 
5-290 
PAM0810-24-5LA 
PAM0810-24-5LA 
4-5 
PAM0810-6-50L 
PAM0810*-50L 
5-234 


PAM0810-7-25L 
PAM0810-7-25L 
5-286 
PAM0810-8-10L 
PAM0810-8-10L 
5-288 
PAM22542-10L 
PAM22542-10L 
5-253 
PAM22542-10LA 
PAM22542-10LA 
4-5 
PEE0015U 
MRF323 
2-553 
PEE0020U 
MRF323 
2-553 
PEE0035U 
MRF325 
2-557 
PK0105-100 
MRF393 
2-597 
PK0401H 
MRF5174 
2-1025 
PH0403H 
MRF5175 
2-1028 


PH0406H 
MRF5175 
2-1028 
PH0412H 
MRF321 
2-549 
PH0425H 
MRF325 
2-557 
PH0450D 
2N6439 
2-121 
PH0450H 
2N6439 
2-121 
PH0501H 
MRF5174 
2-1025 
PH0503H 
MRF5175 
2-1028 
PK0506H 
MRF321 
2-549 
PH0512H 
MRF321 
2-549 
PH0525H 
MRF325 
2-557 


PH0550H 
2N6439 
2-121 
PH1100C 
MRF1150UA 
2-988 
PH1100H 
MRF1150MA 
2-988 
PHIHOC 
MRF1015MA 
2-972 
PH1150C 
MRF1090MA 
2-980 
PHI175 
MRF1150MA 
2-988 
PH2001C 
MRAL2023-1.5H 
2-327 
PH2003C 
MRAL2023-3H 
2-327 


PH2005C 
MRAL2023-6H 
2-327 


PH2010C 
MRAL2023-12H 
2-327 


MOTOROLA RF DEVICE DATA 


9-20 
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Motorola 
Motorola 
I 


Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 


PT8825 
MRF644 
2-798 


PT8828A 
MRF226 
2484 


PT8837 
2N6081 
2-100 


PT8838 
2N6084 
2-109 


PT8850 
MRF479 
2*74 


PT8850A 
MRF479 
2*74 


PT8851 
MRF221 
2-100 


PT8851A 
MRF233 
2498 


PT8852 
MRF234 
2-502 


PT8852A 
MRF234 
2-502 


PT8853 
MRF497 
2*87 


PT8853A 
MRF497 
2*87 


PT8854 
MRF492 
2*84 


PT8854A 
MRF492 
2*84 


PT8860 
2N4427 
2-23 


PT8861 
MRF220 
1-6 


PT8861A 
2N5589 
— 


PT8862 
MRF221 
2-100 


PT8862A 
MRF233 
2-498 


PT8863 
MRF234 
2-502 


PT8863A 
MRF234 
2-502 


PT8864 
MRF224 
2-109 


PT8864A 
2N6084 
2-109 


PT8865 
MRF492 
2*84 


PT8865A 
MRF492 
2-684 


PT8866 
MRF237 
2-506 


PT8870 
MRF220 
1* 


PT8870A 
2N6081 
2-100 


PT8871 
TP2502 
2-1162 


PT8871A 
2N5944 
2-90 


PT8873 
MRF221 
2-100 


PT8873A 
2N6081 
2-100 


PT8874 
MRF224 
2-109 


PT8874A 
2N6084 
2-109 


PT8877 
MRF237 
2-506 


PT8880 
MRF517 
2-700 


PT8881 
TP2502 
2-1162 


PT8881A 
2N5944 
2-90 


PT8889 
MRF586 
2-772 


PT9073B 
MRF321 
2-549 


PT9700 
MRF5174 
2-1025 


PT9701 
MRF5175 
2-1028 


PT9701B 
PT9701B 
2-1116 


PT9702 
MRF323 
2-553 


PT9702B 
PT9702B 
2-1116 


PT9703 
MRF321 
2-549 


PT9703B 
PT9703B 
2-1116 
PT9704 
MRF325 
2-557 


PT9704A 
MRF325 
2-557 


PT9704B 
PT9704B 
2-1116 


PT9730 
PT9730 
2-1123 


PT9731 
PT9731 
2-1123 


PT9732 
PT9732 
2-1123 


PT9733 
PT9733 
2-1123 


PT9734 
PT9734 
2-1123 


PT9776 
MRF492 
2*84 
PT9776A 
MRF492 
2*84 


PT9780 
MRF422 
2*16 
PT9780A 
MRF422 
2*16 


PT9782 
MRF317 
2-545 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 


PH2020C 
MRAL2023-18H 
2-325 


PH2301H 
MRW2301 
2-1074 


PH2303H 
MRW2304 
2-1076 


PH2306H 
MRW2307 
2-1078 


PH8193 
MRF905 
2-917 


PHA3317-1 
MHW5171A 
5-171 


PHA3317-2 
MHW5172A 
5-171 


PHA3318-1 
MHW5181A 
5-173 


PHA3318-2 
MHW5182A 
5-173 


PHA3334-2 
MHW5342A 
5-185 


PHA4517-1 
MHW5171A 
5-171 


PHA4517-2 
MHW5172A 
5-171 


PHA4518-1 
MHW5181A 
5-173 


PHA4518-2 
MHW5182A 
5-173 


PHA4534 
MHW5342A 
5-185 


PHA5018-1 
MHW6181 
5-194 


PHA5018-2 
MHW6182 
5-194 


PHA5034 
MHW5342A 
5-185 


PKB20010U 
MRW2010 
2-1067 


PKB23001U 
MRW2301 
2-1074 


PKB23003U 
MRW2304 
2-1076 


PKB23005U 
MRW2307 
2-1078 


PME04030U 
MRF325 
2-557 


PT3501 
2N4427 
2-23 


PT3502 
MRF5174 
2-1025 


PT3503 
2N5589 
— 


PT3535 
2N4427 
2-23 


PT3536 
MRF553 
2-733 


PT3537 
2N5944 
2-90 


PT3570 
MRF511 
2*92 


PT3571 
2N5943 
2*3 


PT3571A 
2N5943 
2*3 


PT3690 
2N5641 
2-64 


PT4537 
2N5944 
2-90 
PT4544 
MRF226 
2-484 


PT4555 
MRF234 
2-502 


PT4556 
MRF450 
2-648 


PT4570 
MRF511 
2-692 
PT4572A 
PT4572A 
2-1110 


PT4574 
MRF511 
2*92 


PT4578 
MRF517 
2-700 
PT4579 
PT4579 
2-1113 


PT5695 
MRF233 
2-498 
PT5701 
2N4427 
2-23 
PT5740 
2N5590 
— 


PT5741 
2N6082 
2-103 
PT5788 
MRF464A 
2*54 
PT6665A 
MRF464 
2*54 


PT8549 
2N5589 
— 


PT8551 
2N3553 
2-8 


PT8554A 
MRF492 
2-684 
PT8717 
2N6080 
2-97 


PT8740 
MRF607 
2-784 


PT8769 
MRF233 
2498 
PT8809 
2N5944 
2-90 


PT8809A 
2N5944 
2-90 
PT8809S 
MRF616 
— 


PT8810 
MRF652 
2*16 


PT8811 
2N5946 
2-90 
PT8811A 
MRF653 
2-820 
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Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


PT9782A 
MRF317 
2-545 
PT9783 
MRF464A 
2*54 
PT9783A 
MRF464A 
2*54 
PT9784 
MRF454 
2*50 
PT9784A 
MRF454 
2*50 
PT9787 
MRF410 
2*08 
PT9787A 
MRF410 
2*08 
PT9788 
MRF401 
2*01 
PT9788A 
MRF426 
2*20 
PT9790 
PT9790 
2-1129 


PT9795 
MRF1946 
2-1000 
PT9795A 
MRF233 
2498 
PT9796 
MRF1946 
2-1000 
PT9796A 
2N6083 
2-106 
PT9797 
MRF450 
2-648 
PT9797A 
MRF450A 
2*48 
PT9798 
PT9798 
2-1132 
PT9847 
MRF421 
2*12 
PTE801 
MRF890 
2*87 
R47M10 
MHW709-1 
5-116 


R47M13 
MHW710-1 
5-120 
R47M15 
MHW710-1 
5-120 
RF1003 
MRF221 
2-100 
RF1004 
MRF1946 
2-1000 
RF1029 
RF1029 
2-1134 
RF1031 
RF1031 
2-1138 
RF1032 
RF1032 
2-1141 
RF105 
MRF421 
2*12 
RF110 
MRF421 
2*12 
RF14 
MRF455A 
2*52 


RF15 
MRF455 
2*52 
RF16 
MRF455A 
2*52 
RF2081 
MRF216 
— 


RF2092 
MRF455 
2*52 
RF2123 
MRF238 
1-7 
RF2125 
MRF450 
2*48 
RF2127 
MRF245 
— 


RF2135 
MRF1946 
2-1000 
RF2142 
MRF433 
2*40 
RF2143 
MRF454 
2*50 


RF2144 
MRF224 
2-109 
RF2146 
MRF476 
2-666 


RF2147 
MRF475 
2-662 


RF221 
MRF221 
2-100 


RF23 
MRF224 
2-109 


RF25 
MRF455 
2*52 
RF260 
MRF260 
2-515 


RF264 
MRF264 
2-527 


RF35 
MRF455A 
2*52 
RF45 
MRF455 
2*52 


RF46 
MRF1946 
2-1000 
RF47 
MRF479 
2*74 
RF48 
2N6082 
2-103 


RF49 
2N6084 
2-109 


RF85 
MRF454 
2*50 


S-AU11 
MHW806A3 
5-142 


S-AU16H 
MHW707-2 
5-111 
S-AU17A 
MHW807-2 
5-147 
S-AU21 
MHW807-1 
5-147 


S-AU22A 
MHW807-2 
5-147 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


S-AU25 
MHW807-2 
5-147 
S-AU27L 
MHW720A1 
5-128 
S-AU27M 
MHW720A2 
5-128 
S-AU3 
MHW720-1 
5-124 
S-AU31 
MKW806A3 
5-142 
S-AU33 
MHW807-1 
5-147 
S-AU4 
MHW720-1 
5-124 
S-AU5H 
MHW709-3 
5-116 
S-AU5L 
MHW709-1 
5-116 
S-AU5M 
MHW709-2 
5-116 


S-AU6H 
MHW710-3 
5-120 
S-AU6L 
MHW710-1 
5-120 
S-AU6M 
MHW710-2 
5-120 
S-AU7 
MHW820-1 
5-156 
S-AU9 
MHW812A3 
5-152 
S-AV16H 
MHW607-2 
5-103 
S-AV16L 
MHW607-1 
5-103 
S-AV16VH 
MHW607-2 
5-103 
S10-12 
MRF433 
2*40 
S10-28 
MRF410 
2*08 


S100-12 
MRF421 
2*12 
S100-28 
MRF422 
2*16 
S100-50 
MRF428 
2*28 
S15-12 
MRF433 
2*40 
S15-28 
MRF410 
2*08 
S15-50 
MRF427 
2*24 
S175-28 
MRF422 
2*16 
S175-50 
MRF428 
2*28 
S200-50 
MRF448 
2*42 
S25-12 
2N6082 
2-103 


S25-50 
MRF427 
2*24 
S250-50 
MRF448 
2*42 
S30-28 
MRF426 
2*20 
S50-12 
MRF450 
2*48 
S50-28 
MRF464 
2*54 
S80-12 
MRF454 
2*50 
SD1005 
MRF511 
2*92 
SD1006 
2N5943 
2-83 
SD1007-1 
MRF511 
2*92 
SD1012 
2N5590 
- 


SD1012-3 
MRF220 
1* 


SO1013 
2N5642 
2*7 


SD1013-3 
2N5642 
2*7 
SD1014-1 
MRF221 
2-100 
SD1014* 
MRF221 
2-100 
SD1015 
MRF314A 
2-533 
SD1018-15 
MRF224 
2-109 
SO10184 
MRF224 
2-109 
SD1018* 
MRF224 
2-109 


SD1019 
2N6166 
2-112 


SD102* 
MRF313 
2-531 
SD102-7 
MRF313 
2-531 


SD1020 
2N4427 
2-23 
SD1021 
MRF212 
1* 
SD1022 
MRF1946A 
2-1000 


SD1074 
MRF455 
2*52 


SD1076 
MRF454 
2*50 


SO1077 
MRF475 
2*62 


SD1078 
MRF464 
2*54 


SD1080 
MRF207 
1-7 
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• 
ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacemenl 
No. 


S01275 
MRF240 
2-508 


SD1278 
MRF240 
2-508 


SD1285 
MRF406 
2-604 


SD1288 
MRF455A 
2-652 


SD1289 
MRF455 
2-652 


SD1290 
2N6084 
2-109 


SD1295 
MRF421 
2*12 


SD1299 
MRF326 
2-561 


SD1300 
BFY90 
2-166 


SD1301 
BFY90 
2-166 


SD1303 
2N6304 
2-116 


SD1308 
MRF905 
2-917 


SD1309 
2N2857 
2-2 


SD1315 
MRF511 
2-692 


SD1316 
MRF586 
2-772 


SD1317 
MRF587 
2-772 


SD1330 
MRF572 
2-754 


SD1331 
MRF571 
2-754 


SOI333 
BFR96 
2-153 


SD1334 
MRF580 
2-764 


SD1347-7 
2N4427 
2-23 


SD1375 
2N4957 
2-27 


SD1400-2 
MRF892 
2-895 


SD1400-3 
MRF892 
2-895 


SD1401 
MRF894 
2-899 


SD1403 
MRF428 
2-628 


SD1404 
MRF427 
2-624 


SD1405 
MRF492 
6-684 


SD1407 
MRF422 
2-616 


SD1407-8 
MRF422 
2-616 


SD1409 
TP3010 
2-1176 


SD1410 
MRF840 
2-859 


SD1410-3 
MRF840 
2-859 


SD1411 
MRF842 
2-869 


SD14111-1 
MRF842 
2-869 


SD1412 
MRF842 
2-869 


SD1412-3 
MRF842 
2-869 


SD1414 
MRF846 
2-876 


SD1415 
MRF216 
- 


SD1416 
MRF247 
2-512 


SD1418 
TP3012 
2-1179 


SD1421 
MRF844 
2-873 


SD1422 
MRF644 
2-798 


SD1424 
2N6082 
2-103 


SD1427 
MRF247 
2-512 


SD1428 
MRF216 
— 


SD1429 
MRF641 
2-794 


SD1429-3 
MRF641 
2-794 


SD1433 
MRF653 
2-820 


SD1434 
MRF646 
2-802 


SD1438 
MRF316 
2-541 


SD1438-2 
MRF317 
2-545 


SD1444 
MRF629 
1-9 


SD1446 
MRF492 
2-684 


SD1449 
MRF421 
2*12 


SD1450 
MRF422 
2-616 


SD1451 
MRF455 
2-652 


SD1451-1 
MRF455 
2-652 


SD1452 
MRF454 
2-650 


SD1455 
TPV375 
2-1284 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacemenl 
No. 


SD1080-2 
MRF559 
2-747 


SD10804 
MRF604 
2-782 


SD1080-6 
MRF627 
2-786 


SD1080-7 
MRF627 
2-786 


SD1087 
MRF641 
2-794 


SD1088 
MRF644 
2-798 


SD1089 
MRF646 
2-802 


SD1095 
MRF840 
2-859 


SD1096 
MRF842 
2-869 


S01098 
MRF844 
2-873 


SD1099 
MRF846 
2-876 


SD11154 
MRF607 
2-784 


SD1124 
MRF245 
- 


SD1127 
MRF237 
2-506 


SD1131 
MRF629 
1-9 


SD1132-4 
TP251 
2-1143 


SD1132-5 
MRF838 
2-850 


SD1133 
MRF212 
1-6 


SD1133-1 
MRF212 
1-6 


SD1134 
2N5944 
2-90 


SD1134-1 
MRF227 
2-486 


SD1135 
MRF652 
2-816 


SOI136 
MRF653 
2-820 


SD1143 
MRF212 
1-6 


SD1143-1 
MRF221 
2-100 


SD1147 
MRF5175 
2-1028 


SD1148 
MRF321 
2-549 


SD1149 
MRF323 
2-553 


SD1167 
MRF479 
2-674 


SD1I68 
MRF234 
2-502 


SD1169 
2N5849 
2-79 


SO1174 
MRF237 
2-506 


SD1177 
2N5589 
- 


SD1200 
2N3866 
2-10 


SD1212-4 
MRF476 
2-666 


SD1212-7 
MRF475 
2-662 


SD12144 
MRF475 
2-662 
I SD12I4-6 
MRF479 
2-674 


SD1216 
2N5591 
- 


SD1218 
MRF1946A 
2-1000 


SD1220-1 
2N5641 
2-64 


SD1222-5 
2N5642 
2-67 


SD1222-6 
2N5642 
2-67 


SD1224-10 
MRF426 
2-620 


SD1224-2 
MRF315 
2-537 


SD1224-4 
MRF466 
2-658 


SD1229 
2N6083 
2-106 


SD1229-1 
MRF1946 
2-1000 


SD1232 
MRF517 
2-700 


SD1242-5 
2N5641 
2-64 


SD1244-6 
2N5642 
2-67 


SD1245 
MRF321 
2-549 


SD1256 
2N5589 
- 


SD1262 
MRF226 
2484 


SD1272 
MRF1946A 
2-1000 


SD1273 
MRF240 
2-508 


SD1274 
MRF1946A 
2-1000 
SD1274 
TP2330 
2-1158 
SD1274-1 
MRF1946 
2-1000 


SD1274-1 
TP2330F 
2-1158 
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ALPHANUMERIC CROSS REFERENCE (continued) 


Industry 
Part Number 


SD1456-2 
SD1458 
SD1459 
SD1460 


SD1461 
SD1462 
SD1464 


SD1465 
SD1466 
SD1467 


SD1468 


SD1480 
SD1482 
SD1484-10 


SD1485 
SD1485-3 


SD1486 
SD1487 
SD1488 


SD1489 
SD1490 
SD1492 
SD1496 
SD1496-3 


SD1499 
SDI499-1 
SD1512 
SD1513 
SD1514 


SD1520 


SD1522 
SD1522-2 
SD15224 


SD1524 


SD1526 
SD1528 
SD1530 


SD1532 
SD1534 


SD1536 
SD1538 
SD1540 


SD1544 
SD1545 
SD1574 


SD1575 
SD1577 


SD1732 
SD1847 


SD1900 
SD1901 


SD1902 
SD1903 
SD1904 


SD1905 
SD1907 
SD1909 
SD1912 
SD1912-2 


Motorola 
Direct 
Replacement 


TPV3100 


MRF326 


MRF604 


MRF421 


TPV5055B 


MRF338 
MRF648 


MRF1000MA 


MRF1000MA 


MRF1002MA 


MRF1035MA 


MRF1090MA 


MRF1150MA 


MRF1325M 


MRF260 
MRF262 


MRF264 


TP62602 


MRF134 


MRF161 
MRF136 
MRF162 


MRF137 


MRF171 
MRF172 


MRF174 


MRF140 


MRF141G 


Motorola 
Similar 
Replacement 


TPV385 
TPV376 


TP9383 


MRF313 


MRF313 


MRF325 


MRF325 
MRF326 


MRF327 


MRF329 


MRF317 


MRF752 


TPV1325B 
MRF894 


TPV8200B 


MRF646 


TPV7025 


TPV8200B 


MRF898 


MRF898 


MRF1090MA 


MRF1090MA 
MRF115CM 


MRF1002MA 


MRF1004MA 


MRF1008MA 
MRF1035MA 


MRF1090MA 


MRF1090MA 


MRAL2023-1.5H 


MRAL2023-3H 


TPV595A 


NO. 


2-1324 


2-1287 


1-16 


2-1243 


2-531 


2-531 
2-557 


2-557 


2-561 


2-561 


2-565 


2-569 


2-545 


2*36 


2-782 


1-16 


2*99 


2-1339 


2*12 
2*02 


2-1331 


2-1334 


2-1339 


2-903 


2-903 


2-573 


2*06 


2-980 


2-980 


2-984 


2-956 


2-956 


2-960 


2-960 


2-964 


2-968 


2-976 


2-976 


2-980 


2-980 


2-980 


2-988 


2-996 
2-327 


2-327 


2-515 


2-523 


2-527 


2-1303 


2-1251 


2-337 


2412 


2-345 
2420 


2-355 


2436 
2444 


2452 


2-368 


2-379 


Industry 
Part Number 


SD1918 
SD1920 
SD1920-2 


SHP02-36-20 


SHP05-20-10 
SHP05-22-04 
SHP05-34-04 


SHP06-18-04 


SHP10-15-08 
SHP10-15-C8-15 


SHP10-17-04 


SHP10-17-04-15 


TAN15 


TAN150H 


TAN250A 


TAN75 


TCC0105-100 


TCC0105-100 


TCC0204-125 
TCC0204-125 


TCC598 


TDS570 


TDS595 


TH1002 


TH1005 


TH1010 


TH20 


TH2001 
TH2003 
TH2005 


TH416 


TH417 


TH430 


TH476 


TH478 
TH480 
TH513 


TH518 
TH519 


TH525 


TH526 


TH532 


TH550 


TH552 
TH553 
TH562 


TH564 


TH569 


TH571 


TH596 


TH597 
TH9031 


THA13 


THA15 


THA93 


THB13 


THB94 
THM404 


THM425 


THY94 
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Motorola 
Direct 
Replacement 


MRF148 
MRF150 


MRF151G 


SHP02-36-20 
SHP05-20-10 


SHP05-22-04 
SHP05-34-04 
SHP06-18-04 


SHP10-15*8 
SHP10-15-08-15 


SHP10-17-04 


SHP10-17-04-15 


MRF393 


TPM4100 


MRF392 
TPM4130 


TPV595A 


MRW2003 
MRW2005 


MRW2010 


MRW2001 
MRW2003 


MRW2005 


MRF422 


MRF448 


MRF428 


MRF323 


MRF321 


MRF323 


TP9386 


MRF427 


MRF426 


TP62601 


MRF429 


MRF314A 


MRF315 


MRF315A 


Motorola 
Similar 
Replacement 


MRF1015MA 


MRF1150MA 
MRF1250M 


MRF1090MA 


TPV598 
TPV595A 


MRF430 


MRF422 


MRF5174 


MRF321 


MRF321 


MRF426 


2N6439 


MRF325 


MRF325 


MRF321 


MRF448 


TPV596 


TPV597 


MRF426 


MRF426 


TPM405 
TPM425 


Page 
No. 


2-384 


2-389 
2400 


5-294 


5-295 


5-296 


5-297 


5-298 


5-299 


5-300 


5-301 


5-302 


2-972 


2-988 


2-992 


2-980 


2-597 


2-1277 


2-593 


2-1278 


2-1312 


2-1303 


2-1303 


2-1067 


2-1067 


2-1067 


2*36 


2-1067 


2-1067 


2-1067 


2*16 
2*16 


2*42 


2-1025 


2-549 


2-549 


2*28 
2*20 


2-121 


2-553 


2-557 


2-557 


2-549 


2-549 


2-553 


2*42 


2-1245 


2-624 


2-620 


1-16 


2-1309 


2-1248 
2*20 
2*32 


2-533 
2*20 


2-537 


2-1268 


2-1272 


2-537 


ALPHANUMERIC CROSS REFERENCE (continued) 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 


TP304S 
MRF839 
2*54 


TP3060 
TP3060 
2-1205 


TP3061 
TP3061 
2-1209 


TP3062 
TP3062 
2-1213 


TP3093 
MRF586 
2-772 


TP3098 
TP3098 
2-1217 


TP312 
BFR96 
2-153 


TP3400 
TP3400 
2-1219 


TP3401 
TP3401 
2-1222 


TP3401S 
TP3401S 
2-1222 


TP3402 
TP3402 
2-1225 


TP390 
BFW92A 
2-161 


TP393 
BFR91 
2-148 


TP394 
MRF580 
2-764 


TP491 
BFR91 
2-148 


TP5002 
TP5002 
2-1227 


TP5002S 
TP5002S 
2-1227 


TP5015 
TP5015 
2-1230 


TP5025 
TP5025 
2-1231 


TP5040 
TP5040 
2-1233 


TP5050 
TP5050 
2-1236 


P5060 
TP5060 
2-1239 


TP8828 
MRF212 
1* 


TP8828F 
MRF221 
2-100 


TP9380 
TP9380 
2-1241 


TP9383 
TP9383 
2-1243 


TP9386 
TP9386 
2-1245 


TP9390 
TP1940 
2-1146 


TPA0102-130 
TP9386 
2-1245 


TPM401 
TPM401 
2-1265 


TPM4040 
TPM4040 
2-1274 


TPM405 
TPM405 
2-1268 


TPM4100 
TPM4100 
2-1277 


TPM4130 
TPKM130 
2-1278 


TPM425 
TPM425 
2-1272 


TPR10 
MRF1015MB 
2-972 


TPR150 
MRF1150MB 
2-988 


TPR50 
MRF1090MB 
2-980 


TPV1325B 
TPV1325B 
— 


TPV3100 
TPV3100 
2-1324 


TPV3250B 
TPV1325B 
1-16 


TPV364 
TPV364 
2-1281 


TPV375 
TPV375 
2-1284 


TPV376 
TPV376 
— 


TPV385 
TPV385 
2-1287 


TPV387 
TPV387 
2-1289 


TPV394A 
TPV394A 
2-1291 


TPV5051 
TPV5051 
2-1329 


TPV5055B 
TPV5055B 
2-1331 


TPV590 
TPV590 
2-1294 


PV591 
TPV591 
2-1297 


TPV593 
TPV593 
2-1300 


TPV595A 
TPV595A 
2-1303 


TPV595B 
TPV695B 
2-1322 
TPV596 
TPV596A 
2-1307 


TPV597 
TPV597 
2-1309 


TPV6080B 
TPV8200B 
2-1339 


TPV657 
TPV657 
2-1314 


TPV693 
TPV693 
2-1319 


TPV695A 
TPV695A 
2-1320 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 


Part Number 
Replacement 
Replacement 
No. 


TP1940 
TP1940 
2-1146 


TP2007A 
MRF754 
2*40 


TP2031 
MRF227 
2486 


TP2032 
MRF208 
1-7 


TP2032F 
MRF221 
2-100 


7P2033 
TP2033 
2-1150 


TP2034 
2N6084 
2-109 


TP2034F 
MRF224 
2-109 


TP2037 
TP2037 
2-1152 


TP212 
MRF652 
2*16 


TP212S 
MRF220 
1* 


TP2180 
MRF247 
2-512 


TP2300 
2N6080 
2*7 


TP2304 
2N6084 
2-109 


TP2306 
MRF607 
2-784 


TP2307 
MRF607 
2-784 


TP2314 
MRF237 
2-506 


TP2317 
TP2317 
2-1154 


TP2325 
TP2325 
2-1157 


TP2330 
TP2330 
2-1158 


TP2330F 
TP2330F 
2-1158 


TP2335 
TP2335 
2-1160 


TP2370 
MRF247 
2-512 


TP2502 
TP2502 
2-1162 


TP2503 
MRF652 
2*16 


TP2505 
MRF652 
2*16 


TP2505S 
MRF652 
2*16 


TP251 
TP251 
2-1143 


TP2510 
MRF653 
2*20 


TP2511 
MRF653 
2*20 


TP2520 
MRF644 
2-798 


TP254 
MRF652 
2*16 
TP254S 
MRF752 
2-836 


TP3004 
TP3004 
2-1165 


TP3005 
TP3005 
2-1169 


TP3009 
TP3009 
2-1173 


TP3009S 
TP3009S 
2-1173 


TP301 
MRF557 
2-742 


7F3010 
TP3010 
2-1176 


TP3010S 
TP3010S 
2-1176 


TP3011 
TP3013 
1-10 


TP3011S 
TP3013 
1-10 


TP3012 
TP3012 
2-1179 


TP3013 
MRF839 
2*54 


TP3015 
TP3015 
2-1182 
TP3019 
TP3019 
2-1186 


TP3019S 
TP3019S 
2-1186 
TP301S 
MRF557 
2-742 


TP3020A 
TP3020A 
2-1189 


TP3021 
TP3021 
2-1190 


TP3022A 
TP3022A 
2-1193 


TP3023 
TP3005 
2-1169 
TP3024A 
TP3024A 
2-1194 


TP3026 
TP3031 
2-1199 


TP303 
MRF839 
2*54 
TP3030 
TP3030 
2-1195 


TP3031 
TP3031 
2-1199 
TP303S 
MRF839 
2-854 
TP304 
MRF839 
2-854 


TP3040 
TP3040 
2-1203 
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Motorola. 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


TPV698 
TPV698 
2-1323 
TPV7025 
TPV7025 
2-1334 
TPV8100B 
TPV8100B 
— 


TPV8200B 
TPV8200B 
2-1339 
TPVT98 
TPV598 
2-1312 
TRF559 
MRF559 
2-747 
TRW2001 
MRW2001 
2-1067 
TRW2003 
MRW2003 
2-1067 
TRW2005 
MRW2005 
2-1067 
TRW2010 
MRW2010 
2-1067 


TRW2015 
MRW2015 
2-1067 
TRW2020 
MRW2020 
2-1067 
TRW2301 
MRW2301 
2-1074 
TRW2304 
MRW2304 
2-1076 
TRW2307 
MRW2307 
2-1078 
TRW3001 
MRW3001 
2-1080 
TRW3003 
MRW3003 
2-1080 
TRW3005 
MRW3005 
2-1080 
TRW52001 
MRW52001 
2-1085 
TRW52101 
MRW52101 
2-1085 


TRW52102 
MRW52102 
2-1090 
TRW52104 
MRW52104 
2-1093 
TRW52201 
MRW52201 
2-1085 
TRW52202 
MRW52202 
2-1090 
TRW52204 
MRW52204 
2-1093 


TRW52401 
MRW52401 
2-1085 
TRW52402 
MRW52402 
2-1090 
TRW52501 
MRW52501 
2-1085 
TRW52502 
MRW52502 
2-1090 
TRW52504 
MRW52504 
2-1093 


TRW52601 
MRW52601 
2-1085 
TRW52602 
MRW52602 
2-1090 
TRW52604 
MRW52604 
2-1093 
TRW53001 
MRW53001 
2-1096 
TRW53101 
MRW53101 
2-1096 
TRW531Q2 
MRW53102 
2-1100 
TRW53201 
MRW53201 
2-1096 
TRW53202 
MRW53202 
2-1100 
TRW53401 
MRW53401 
2-1096 
TRW53402 
MRW53402 
2-1100 


TRW53501 
MRW53501 
2-1096 
TRW53502 
MRW53502 
2-1100 
TRW53505 
MRW53505 
2-1103 


TRW53601 
MRW53601 
2-1096 
TRW53602 
MRW53602 
2-1100 
TRW53605 
MRW53605 
2-1103 


TRW54001 
MRW54001 
2-1106 


TRW54101 
MRW54101 
2-1106 


TRW54201 
MRW54201 
2-1106 


TRW54501 
MRW54501 
2-1106 


TRW54601 
MRW54601 
2-1106 


TRW62601 
TP62601 
2-1248 


TRW626Q2 
TP62602 
2-1251 


TRW63601 
TP63601 
2-1254 
TRW63602 
TP63602 
2-1257 . 


TRW64601 
TP64601 
2-1260 
TRW64602 
TP64602 
2-1263 
TSD0105-50 
TPM4040 
2-1274 


TSP150 
MRF1150MA 
2-988 


TSP350 
MRF1325M 
2-996 


Motorola 
Motorola 
Industry 
Direct 
Similar 
Page 
Part Number 
Replacement 
Replacement 
No. 


TV30U 
ATV6031 
4-5 
TV60U 
ATV7050 
5-17 
TX1001A 
TX1001A 


— 
TX1814 
TX1814 
- 


TX1839 
TX1839 
— 


TX3014 
TX3014 
— 


TX4239 
TX4239 
— 


TX52501 
TX52501 
— 


TX52502 
TX52502 
— 


TX52601 
TX52601 
- 


TX52604 
TX52604 
_ 


TX53501 
TX53501 
— 


TX53601 
TX53601 
— 


TX53602 
TX53602 
— 


TX54501 
TX54501 
— 


TX54601 
TX54601 
— 


TX5839 
TX5839 
— 


TZ9401 
MWA110 
5-214 
TZ9402 
MWA120 
5-214 


TZ9403 
MWA230 
5-229 


TZ9404 
MWA230 
5-229 


UMIL-100 
MRF329 
2-569 
UMLL-100A 
MRF329 
2-569 
UMIL-60 
2N6439 
2-121 
UMIL-70 
MRF327 
2-565 


UMIL1 
MRF313 
2-531 


UMIL10 
MRF321 
2-549 


UMIL20FT 
MRF163 
2428 
UMIL25 
MRF325 
2-557 


UMIL3 
MRF5174 
2-1025 


UMIL5 
MRF321 
2-549 
UMIL5FT 
MRF161 
2412 
UM0B45 
MRF646 
2*02 
UMOB-55 
MRF648 
2*06 


UTV005 
TPV596A 
2-1307 


UTV010 
TPV597 
— 


UTV020 
TPV593 
2-1300 


UTV040 
TPV598 
2-1312 


UTV080 
TPV695A 
2-1320 


UTV120 
TPV695A 
2-1320 


UTV150 
TPV7025 
2-1334 


UTV1500 
TPV8100B 
2-1337 


UTV200 
TPV5055B 
2-1331 


UTV200 
TPV7025 
2-1334 


V996 
2N6603 
2-125 


VAM-120 
MRF317 
2-545 


VAM40 
2N5643 
2-70 


VAM-80 
2N6166 
2-112 


VMIL-100 
MRF317 
2-545 


VMIL-50 
MRF464 
2*54 


VMIL120FT 
MRF174 
2452 


VMIL20R 
MRF137 
2-355 


VMIL40FT 
MRF171 
2436 


VMIL60FT 
MRF172 
2444 


VMIL80FT 
MRF172 
2444 


VMOB-70 
MRF247 
2-512 


VTV075 
PV394A 
2-1291 


VTV1250 
MRF141 
2-373 


VTV150 
TPV385 
2-1287 


VTV300 
TPV387 
2-1289 
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MOTOROLA SALES OFFICES 
AND 
RF MARKETING HEADQUARTERS 


RF MARKETING HEADQUARTERS 


Phoenix, AZ 
5005 E. McDowell Road 
Phoenix, AZ 85008 
Tel.: (602)244-6394 
Fax: (602)244-4597 


Lawndale, CA 


Torrance, CA 


14520 Aviation Boulevard 
Lawndale, CA S0260 
Tel.: (213)536-0888 
325 Maple Avenue 
Torrance, CA 90503-2602 
Tel.: (213)783-5600 
Fax: (213)783-5790 


SEMICONDUCTOR SALES OFFICES 


ALABAMA, Huntsviile 
(205)830-1050 
ARIZONA, Phoenix 
(602)897-5056 
ARIZONA, Tempe 
(602)438-3719 
CALIFORNIA, Agoura Hills 
(818)706-1929 
CALIFORNIA, Lawndale 
(213)536-0888 
CALIFORNIA, Orange 
(714)634-2844 
CALIFORNIA, Sacramento 
(916)922-7152 
CALIFORNIA, San Diego 
(619)541-2163 
CAUFORNIA, Sunnyvale 
(408)749-0510 
COLORADO, Colorado Springs 
(719)599-7497 
COLORADO, Denver 
(303)337-3434 
CONNECTICUT, Wallingford 
(203)284-0810 
FLORIDA, MaWand 
(407)628-2636 
FLORIDA, Pompano Beach/ 
Ft. Lauderdale 
(305)486-9776 
FLORIDA, St. Petersburg 
(813)576-6035 
GEORGIA, Atlanta 
(404)449-3875 
ILLINOIS, Chicago/ 
Hoffman Estates 
(708)490-9500 
INDIANA, Fort Wayne 
(219)436-5818 
INDIANA, Indianapolis 
(317)571-0400 
INDIANA, Kokomo 
(317)457-6634 
IOWA, Cedar Rapids 
(319)373-1328 
KANSAS, Kansas City/Mission 
(913)451-8555 
MARYLAND, Columbia 
(301)381-1570 
MASSACHUSETTS, Marlborough... (508)481-8100 
MASSACHUSETTS, Woburn 
(617)932-9700 


MICHIGAN, Detroit 
(313)347-6800 
MINNESOTA, Minneapolis 
(612)941-6800 
MISSOURI, St. Louis 
(314)275-7380 
NEW JERSEY, Fairfield 
(201)808-2400 
NEW YORK, Fairport 
(716)425-4000 
NEW YORK, Hauppauge 
(516)361-7000 
NEW YORK, Poughkeepsie/Fishkill. . (914)473-8102 
NORTH CAROLINA, Raleigh 
(919)876-6026 
OHIO, Cleveland 
(216)349-3100 
OHIO, ColumbusM/orthington 
(614)431-8492 
OHIO, Dayton 
(513)495-6800 
OKLAHOMA, Tulsa 
(918)664-5233 
OREGON, Portland 
(503)641-3681 
PENNSYLVANIA, Philadelphia/ 
Horsham 
(215)957-4100 
TENNESSEE, Knoxville 
(615)690-5593 
TEXAS, Austin., 
(512)873-2000 
TEXAS, Houston 
(713)783-6402 
TEXAS, Houston 
(713)251-1291 
TEXAS, Richardson 
(214)480-8100 
UTAH, Salt Lake City 
(801)268-8440 
WASHINGTON, Bellevue 
(206)454-4160 
Seattle Access 
(206)622-9960 
WISCONSIN, Milwaukee/Brookfield.. (414)792-0122 


Field Applications Engineering 
Available Through AllSales Offices 


INTRA-COMPANY OFFICES 


ARIZONA, Scottsdale 
(602)949-3811 
FLORIDA, Boynton Beach 
(305)738-2535 
FLORIDA, Ft. Lauderdale 
(305)475-6120 


ILLINOIS, Schaumburg 
(312)480-3525 
ILLINOIS, Schaumburg/lndustrial ... (312)576-5518 
TEXAS, Ft. Worth 
(817)232-6256 


CANADA 


SEMICONDUCTOR SALES OFFICES 


BRITISH COLUMBIA, Vancouver.. . (604)434-9134 
ONTARIO, Toronto 
(416)497-8181 
ONTARIO, Ottawa 
(613)226-3491 
QUEBEC, Montreal 
(514)731-6881 
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EUROPE 


RF MARKETING HEADQUARTERS 


Bordeaux, France 
152, Avenue de la Jallere 
33300 Bordeaux 
France 
Tel.: (56)43-6700 


SEMICONDUCTOR SALES OFFICES 


FINLAND, Helsinki 
(0)693-5840 
car phone 
(49)211501 
FRANCE, Paris 
(1)4095-5900 
GERMANY, Langenhagen/ 
Hannover 
(0511)78-99-11 
GERMANY, Munich 
(89)92103-0 
GERMANY, Nuremberg 
(911)64-3044 
GERMANY, Sindelfingen 
(7031)83074 
GERMANY, Wiesbaden 
(6121)761921 


ITALY, Milan 
(2)82201 
NETHERLANDS, Maarssen 
(4998)61-211 
SPAIN, Madrid 
(1)457-8204 
or 
(1)457-8254 
SWEDEN, Solna 
(8)734-8800 
SWITZERLAND, Geneva 
(22)7991-111 
SWITZERLAND, Zurich 
(1)730-4074 
UNITED KINGDOM, Aylesbury 
(296)395-252 


ASIA/PACIFIC 


RF MARKETING HEADQUARTERS 


Kwai Chung, 
14-16/F, Prosperity Center 
Hong Kong 
77-81 Container Port Road 
Kwai Chung, N.T., Hong Kong 
Tel.: (852)0-211-211 


SEMICONDUCTOR SALES OFFICES 


AUSTRALIA, Melbourne 
(3)887-0711 
AUSTRALIA, Sydney 
(2)906-3855 
HONG KONG, Kwai Chung 
480-8333 
KOREA, Pusan 
(51)463-5035 


KOREA, Seoul 
MALAYSIA, Penang. 
SINGAPORE 
TAIWAN, Taipei 


JAPAN, Alzu . .. 
JAPAN, Atsugi. . 
JAPAN, Nagoya. 


JAPAN 


RF MARKETING HEADQUARTERS 


Tokyo, Japan 
Kowa Building 
5-2-32, Minami Azabu 
Minato-ku, Tokyo 106 
Japan 
Tel.: (3)440-3311 


SEMICONDUCTOR SALES OFFICES 


. (241)272231 
(462)23-0761 
(52)232-1621 


JAPAN, Osaka. 
JAPAN, Sendai 
JAPAN, Tokyo. 


REST OF WORLD 


SEMICONDUCTOR SALES OFFICES 


BRAZIL, Sao Paulo 
(11)813-1459 
or 
(11)813-1554 
ISRAEL, Tel Aviv 
(3)753-8222 
MEXICO, Mexico City 
(5)207-7880 
or 
(5)207-7727 


MEXICO, Guadalajara ... 


or 
PUERTO RICO, San Juan 
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(2)554-5118-21 
. . . 
(4)374514 
.... 294-5438 
. . (2)717-7089 


. (6)305-1801 
(22)268-4333 
. (3)440-3311 


. 
(36)21-89-77 
. 
(36)21-91-29 
(809)793-2170 


MOTOROLA RF DEVICE DATA 


Volume I 


Selector Guide 


Discrete Transistor 
Data Sheets 


Case Dimensions 


Volume II 


Selector Guide 


Amplifier Data Sheets 


Tuning, Hot Carrier and 
PIN Diode Data Sheets 


Technical Information 


Case Dimensions 


Cross Reference and 
Sales Offices 
11136-12 PAINTED IN USA 11«) GTE 123804. 25.000 RF 
11136-12 


M) MOTOROLA 


Literature Distribution Centers: 


USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036. 
EUROPE: Motorola Ltd.; European Literature Center; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England 
JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141 Japan. 
ASIA-PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial EsU 
Tai Po, N.T., Hong Kong. 


